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MINUTES  OF  MEETINGS. 


OF  THE  SOCIETY. 

June  6th,  1900. — The  meeting  was  called  to  order  at  8.50  p.  m., 
Vice-President  Robert  Cartwriglit  in  the  chair;  Charles  Warren  Hunt, 
Secretary,  and  present,  also,  95  members  and  18  guests. 

The  minutes  of  the  meetings  of  May  2d  and  16th,  1900,  as  j^rinted 
in  Proceedings  for  May,  1900,  were  approved. 

A  paper  entitled  "A  Proposed  Method  for  the  Preservation  of 
Timber,"  by  F.  A.  Kummer,  Jun.  Am.  Soc.  C.  E.,  was  presented  by 
the  author. 

The  subject  was  discussed  by  Messrs.  H.  G.  Prout,  J.  H.  Deghuee, 
Eobert  Cartwright,  O.  F.  Nichols,  F.  W.  Skinner,  Henry  Goldmark 
and  the  author. 
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Ballots  were  canvassed  and  the  following  candidates  declared 
elected : 

As  Members. 

Edwakd  Maeshalij  Boggs,  Los  Angeles,  Cal. 

Godfrey  Pearson  Farley,  Wiscasset,  Maine. 

Stanley  Wolcott  Hayes,  Buffalo,  N.  Y. 

James  Clark  Irwtn,  Albany,  N.  Y. 

Richard  Lamb,  New  York  City. 

Edwabd  Hervey  Lee,  Chicago,  111. 

Edwin  Kirtland  Morse,  Pittsburg,  Pa. 

Frank  Thompson  Oakley,  Toledo,  Ohio. 

Harry  Elstner  Talbott,  Michijaicoten  Harbor,  Ont. 

As  Associate  Members. 

Ellis  Alexander  Frink,  Baltimore,  Md. 
Martin  Hughes  Gerry,  Jr.,  Canyon  Ferry,  Mont. 
Nathaniel  Oliver  Goldsmith,  Cincinnati,  Ohio. 
John  James  Hereick,  Flushing,  N.  Y. 
Alfred  Courtney  Lewerenz,  New  London,  Conn. 
Van  Norman  McGee,  Tientsin,  China. 
Gerard  Hendrik  Matthes,  Washington,  D.  C. 
William  Nelson,  Laconia,  N.  H. 
Philip  Morris  Pritchard,  Liverpool,  Eng. 
William  Jackson  Roberts,  Pullman,  Wash. 
Chakles  Davis  Vail,  Butte,  Mont. 
Henry  Aethub  Van  Alstyne,  Albany,  N.  Y. 
The  Secretary  announced  that  the  following  candidates  were  elected 
by  the  Board  of  Direction,  June  5th,  1900: 

As  Associates. 

Howard  Elliott,  St.  Louis,  Mo. 
Alexander  Ross  Piper,  Sing  Sing,  N.  Y. 

As  Juniors. 

Henry  Robinson  Buck,  Wethersfield,  Conn. 
Frederic  Francis  Hall,  Riverside,  Cal. 
Charles  Frederic  Parker,  Durango,  Mexico. 
Frederick  William  Schwters,  New  York  City. 

The  Secretary  announced  the  death  of  the  following  Members: 
Norman  Wilder  Eayrs,  elected  Member  June  3d,  1885;  died  May  13th, 
1900.  Marc  John  Reisegee,  elected  Member  December  7th,  1898; 
died  May  26th,  1900.  Bentley  Douglas  Hasell,  elected  Member  July 
3d,  1878-  died  May  29th,  1900. 

Adjourned. 
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THIRTY-SECOND    ANNUAL    CONVENTION,    HELD    IN     LONDON, 

ENGLAND. 

In  response  to  the  invitation  of  the  lustitiition  of  Civil  Engineers, 
the  Thirty-second  Aumial  Convention  of  the  Society  was  held  at  the 
House  of  the  Institution,  Great  George  St.,  Westminster,  S.  W., 
London,  England,  diiring  the  tirst  week  in  July,  1900. 

Monday,  July  2d,  1900.— Sir  Douglas  Fox,  President,  Inst.  C.  E., 
addressed  the  American  engineers,  assembled  in  the  Library  of  the 
Institution.  John  F.  Wallace,  President,  Am.  Soc.  C.  E.,  briefly 
responded  and  introduced  H.  S.  Haines,  M.  Am.  Soc.  C.  E.,  who 
responded  for  the  Society.  Mr.  Jesse  M.  Smith  spoke  for  the  Amer- 
ican Society  of  Mechanical  Engineers. 

First  Session,  Monday,  July  2d,  1900. — The  opening  meeting  was 
held  in  the  afternoon;  President  John  F.  Wallace  in  the  chair;  Charles 
Warren  Hunt,  Secretary. 

The  President  delivered  the  Annual  Address. 

On  motion  by  Sir  Douglas  Fox,  Cor.  M.  Am.  Soc.  C.  E.,  seconded 
by  Desmond  FitzGerald,  Past-President,  Am.  Soc.  C.  E.,  a  vote  of 
thanks  to  the  President  for  his  Address  was  unanimously  passed. 

Adjourned. 

Second  Session,  Monday,  July  2d,  1900. — The  Society  was  called 
to  order  at  8  p.  m.  ;  President  John  F.  Wallace  in  the  chair;  Charles 
Warren  Hunt,  Secretary. 

The  President  announced  the  subject  for  discussion,  as  follows: 
"  The  Height  of  Buildings:  What  considerations  should  limit  the 
height  of  buildings?    Do  recent  developments  in  construction,  sanita- 
tion, intercommunication  and  economy  of  administration,  warrant  the 
removal  of  all  restrictions?  " 

The  Secretary  presented  a  discussion  by  Cokydon  T.  Pukdy,  M. 
Am.  Soc.  C.  E.,  illustrated  by  lantern  slides. 

The  Secretary  also  presented  a  written  discussion  by  REorNAM) 
PEiiHAM  Bolton,  M.  Am.  Soc.  C.  E. 

The  subject  was  further  discussed  by: 
R.  W.  Hunt,  M.  Am.  Soc.  C.  E. 
Sir    Alexander    Binnie,    M.    Inst.    C.    E.,    Chief    Engineer, 

London  County  Council. 
W.  E.  EiLEY,  M.  Inst.  C.  E.,  Architect,  London  County  Council. 
H.  DE  B.  Parsons,  M.  Am.  Soc.  C.  E. 
R.  J.  GrPFORD  Read,  Assoc.  M.  Inst.  C.  E. 
O.  J.  KiRBY,  Assoc.  M.  Inst.  C.  E. 
John  F.  WAiiLACE,  President,  Am.  Soc,  C,  E. 
Adjourned. 
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Third  Session,  Tuesday,  July  3d,  1900.— The  meeting  was  called  to 
order  at  10  a.  m.  ;  President  John  F.  Wallace  in  the  chair;  Charles 
Warren  Hunt,  Secretary. 

The  President  announced  the  subject  for  discussion,  as  follows: 
"Recent  Practice  in  Rails:  The  progressive  increase  in  weight;  the 
increase  in  hardness,  particularly  in  carbon ;  the  sections  in  most  gen- 
eral use;  the  effect  of  changes  in  weight,  composition  and  section." 

The  subject  was  introduced  by  Robekt  W.  Hunt,  M.  Am.  Soc.  C.  E., 
who  was  followed  by : 

A.  L.  Colby,  M.  Am.  Soc.  Mech.  Eng. 

WHiiiiAM  R.  Webstek,  M.  Am,  Soc.  C.  E. 

Sir  LowTHiAN  Bell,,  M.  Inst.  C.  E. 

J.    D.    Smelt,    M.   Inst.   C.   E.,    Engineer,    Ai-gentine    Great 

Western  Ry. 
John  F.  Wallace,  President,  Am.  Soc.  C.  E. 
The  President  announced  the  next  subject  for  discussion,  as  fol- 
lows: 

' '  Filtration  of  Water  for  Public  Use :  The  several  processes  now 
used  for  the  removal  of  objectionable  matter;  their  comparative  sani- 
tary effect,  cost  and  reliability." 

The  subject  was  introduced  by  Rudolph  Hering,  Vice-President, 
Am.  Soc.  C.  E.,  who  was  followed  by: 
W.  H.  LiNDLEr,  M.  Inst.  C.  E. 
Further  discussion  on  this  subject  was  postponed  until  Thursday, 
July  5th,  1900. 

Adjourned. 

Fourth  Session. — At  the  close  of  the  Business  Meeting,  Thursday, 
July  5th,  1900.— Vice-President  Hering  in  the  chair;  Charles  Warren 
Hunt,  Secretary. 

The  chair  announced  the  resumption  of  the  discussion  on  "Filtra- 
tion of  Water  for  Public  Use." 

The  following  gentlemen  presented  their  views: 

Geobge  F.  Deacon,  M.  Inst.  C.  E. 
George  W.  Fuller,  M.  Am.  Soc.  C.  E. 
Db.  Samuel  Rideal,  London. 
Henry  Davey,  M.  Inst.  C.  E. 
Dr.  Ad.  Kemna,  Antwerp. 
K.  E.  HiLGARD,  M.  Am.  Soc.  C.  E. 
Walter  Hunter,  M.  Inst.  C.  E. 
J.  N.  Greene,  M.  Am.  Soc.  C.  E. 
Andrew  Johnston,  M.  Inst.  C.  E. 

Adjourned. 
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BUSINESS  MEETING.* 

Thursday,  July  5th,  1900 — The  meeting  was  called  to  order  at 
10  A.  M. ;  Piesideut  Joliu  F.  Wallace  in  the  chair;  Charles  Warren  Hunt, 
Secretary. 

The  reading  of  the  minutes  of  the  meeting  of  June  6th,  1900,  was 
dispensed  with. 

The  Secretary  reported  the  result  of  the  interrogatory  circular  relat- 
ing to  nominations  for  Members  of  the  Nominating  Committee,  the 
report  of  each  district  being  given  separately. 

The  following  members  were  elected  by  the  meeting: 

Nelson  P.  Lewis Representmy  District  No.  1 . 


Fredekic  p.  Stearns. 
Edwabd  B.  Guthkie.  , 

Edgar  Marburg 

Charles  L.  Strobel. . 

Edward  FladJ 

a.  j.  tullock 


2. 
3. 
4. 
5. 
6. 
7. 


The  Secretary  reported'  the  result  of  an  interrogatory  circular 
issued  to  secure  the  views  of  the  membership  as  to  the  time  and  place 
for  holding  the  Annual  Convention  of  1901. 

On  motion,  the  matter  was  referred  to  the  Board  of  Direction,  with 
power. 

J.  A.  Ockerson,  M.  Am.  Soc.  C.  E. ,  presented  a  request  from  the 
members  resident  in  St.  Louis,  Mo.,  that  the  Annual  Convention  of 
1903  be  held  in  that  city,  during  the  proposed  World's  Fair. 

On  motion,  the  matter  was  referred  to  the  Board  of  Direction. 

The  following  proposed  Amendment  to  the  Constitution  was  con- 
sidered : 

Amend  Article  VII,  as  follows : 

Section  2.  *  *  *  Strike  out  this  section  and  substitute  the 
following : 

"  2.—  At  the  Annual  Meeting  of  each  year,  seven  Corporate  Members, 
not  officers  of  the  Society,  one  from  each  of  the  geographical  districts, 
shall  be  appointed  by  the  meeting  to  serve  for  two  years;  who,  with 
the  five  living  last  Past-Presidents  of  the  Society,  shall  be  a  committee 
to  nominate  officers  for  the  Society. 

"  The  Board  of  Direction  may  prescribe  the  mode  of  procedure  for 
appoining  this  Committee. 

"  The  Committee  so  appointed  shall  meet  at  the  Annual  Convention 
of  the  Society,  and  nominate  candidates  to  fill  the  offices,  named  in 
Article  V,  so  as  to  provide,  with  the  officers  holding  over,  a  Vice-Presi- 
dent and  six  Directors  residing  in  District  No.  1,  and  twelve  Directors 
divided  equally,  with  regard  to  number  and  residence,  among  the 
remaining  districts,  Nos.  2,  3,  4,  5,  6  and  7. 

*  The  report  in  full  will  be  published  in  a  later  number  of  Proceedings. 
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"  A  list  of  nominees  for  the  offices  to  be  filled  at  the  next  Annual 
Election  shall  be  presented  by  the  Committee  to  the  Board  of  Direction 
within  ten  days  after  the  nominees  have  been  selected." 

The  proposed  amendment  was  not  amended  by  the  meeting. 

J.  A.  Ockerson,  M.  Am.  Soc.  C.  E.,  moved  the  following: 

"  Resolved,  That  the  American  Society  of  Civil  Engineers,  in  Con- 
vention assembled,  sends  its  cordial  greeting  to  the  Societe  des  Ingen- 
ieurs  Civils  de  France,  and  expresses  its  hearty  thanks  for  the  warm 
reception  accorded  to  its  delegates  in  Paris." 

The  resolution  was  carried  unanimously. 

Rudolph  Hering,  Vice-President,  Ain.  Soc.  C.  E.,  moved  that  the 
President  be  requested  to  appoint  a  Committee  to  draft  appropriate 
resolutions  of  thanks  to  the  Institution  of  Civil  Engineers  and  to  the 
various  other  corporations  that  have  so  generously  entertained  our 
members  at  this  Convention. 

The  motion  was  adopted  unanimously. 

The  meeting  then  adjourned. 
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OF   THE  BOARD  OF  DIRECTION. 

(Abstract. ) 

June  5th,  1900. — The  Board  met  at  8.10p.  M.,Vice-Presideut  Alfred 
Noble  iu  the  chair;  Charles  Warren  Hunt,  Secretary,  and  present  also 
Messrs.  Cartwright,  Devo,  Knap,  Morison,  O'Rourke,  Eicketts,  Schnei- 
der, Turner  and  Whinery.  • 

The  President  was  authorized  to  appoint  delegates  from  the  Society 
to  represent  it  at  the  Eighth  International  Congress  on  Navigation,  to 
be  held  in  Paris. 

The  President,  in  response  to  an  invitation  from  the  President  of 
the  Societe  des  Ingenieurs  Civils  de  France,  appointed  seven  delegates 
to  ^represent  the  Society  at  the  Eeunion  of  Scientific  and  Technical 
Societies. 

It  was  resolved  that  the  next  meeting  of  the  Board  be  held  on  Sep- 
tember 11th,  instead  of  September  4th,  1900. 

Applications  were  considered  and  other  routine  business  transacted. 

Two  candidates  for  Associate  and  four  for  Junior  were  elected. 

Adjourned. 

July  5th,  1900. — A  meeting  of  the  Board  of  Direction  was  held,  as 
required  by  the  Constitution.  President  John  F.  Wallace  in  the  chair; 
Charles  Warren  Hunt,  Secretary,  and  present,  also,  Vice-President 
Rudolph  Hering. 

A  quorum  not  being  present,  the  meeting  adjourned. 
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EXCURSIONS   AND     ENTERTAINMENTS,    DURING    THE   WEEK^ 

BY    THE    INSTITUTION    OF    CIVIL    ENGINEERS,    AND 

PARTICIPATED    IN    BY    MEMBERS    OF    THE 

AMERICAN    SOCIETY    OF    CIVIL 

ENGINEERS. 

Tuesday,  July  3d,  1900 The  party  left  Paddington  Station,  by- 
special  train,  at  2.50  p.  m.,  arriving  at  Windsor  Castle  at  3.30  p.  m. 

The  Castle  and  Grounds  were  then  inspected,  Her  Majesty  the 
Queen  having  graciously  allowed  the  visit. 

By  direction  of  the  Queen  the  party  was  served  with  refreshments- 
in  the  Orangery,  and  later  Her  Majesty  drove  out  to  a  point  where  the 
entire  party  was  assembled,  and  Sir  Douglas  Fox,  President  of  the  Insti- 
tution, was  presented  by  Lord  Edward  Pelham-Clinton,  Master  of  the 
Household.  Sir  ^Douglas  Fox  then  presented  to  Her  Majesty,  Sir 
William  Henry  Preece,  K.  C.  B. ,  Past-President,  Inst.  C.  E. ;  Mr. 
Charles  Hawksley  and  Mr.  Francis  William  Webb,  Vice-Presidents;  Mr. 
John  F.  Wallace,  President,  Am.  Soc.  C.  E.,  and  Mrs.  W^allace;  Mr. 
Charles  H.  Morgan,  President,  Am.  Soc.  Mech.  Engrs.,  and  Mrs, 
Morgan. 

The  return  was  made  by  special  train,  arriving  in  London  at  6.45 

p.   M. 

Thursday,  July  5th,  ipoo 9  p.  m.     There  was  held  a  Eeception 

by  the  President  and  Council  of  the  Institution,  in  the  Ancient  Guild- 
hall (by  special  permission  of  the  Corporation  of  London).  This 
entertainment  was  magnificent  in  its  proportions,  3  500  persons  being 
present. 

Friday,  July  6th,  1900.— The  day  was  devoted  to  an  excursion  to 
Warwick  Castle  and  Stratford-on-Avon,  by  special  train  leaving  Pad- 
dington Station  at  10.05  a.  m.  The  visitors  were  received  by  the  Earl  and 
Countess  of  Warwick,  who  personally  conducted  them  through  their 
beautiful  Castle  and  Park.  Luncheon  was  served  in  a  marquee  in  the 
grounds.  The  special  train  then  took  the  party  to  Stratford-on-Avon, 
where  Shakespeare's  House,  Stratford  Church  and  the  Memorial 
Theatre  were  inspected.     London  was  reached  at  7.20  p.  m. 


Aflfairs. 


ATTENDANCE   AT   THE   CONVENTION. 


165 


ATTENDANCE  AT  THE  THIRTY=SECOND  ANNUAL  CONVENTION. 


The  following  68  persons  connected  with  the  Society  were  in 
attendance,  accompanied  by  55  members  of  their  families.  The 
Society  meetings  were  also  attended  by  many  members  of  the  Institu- 
tion of  Civil  Engineers,  American  Society  of  Mechanical  Engineers 
and  other  visiting  engineers. 

Abbot,  Fred.  W New  York  City      Llewellyn,  F.  J.  .Minneapolis,  Minn. 


Baker,  Sir  Benjamin   .London,  Eng. 

Baker,  Ira  O Champaign,  111. 

Bell,  James  K London,  Eng. 

Betts,  E.  E Chattanooga,  Tenn. 

Booth,  \V.  H London,  Eng. 

Braine,  L.  F Brooklyn,  N.  Y. 

Buck,  L.  L New  York  City 

Cairns,  B.  A   Waterbury,  Conn. 

Chnrch,  George  E London,  Eng. 

Compton,  A.  G New  York  City 

Crane,  W.  E Tarrytown,  N.  Y. 

Davis,  Arthur  P.  .Washington,  D.  C. 

Fisher,  Clark Trenton,  N.  J. 

FitzGerald,  Desmond.  .Boston,  Mass. 

Flad,  Edward St.    Louis,  Mo. 

Fox,  Sir  Douglas London,  Eng 

Fuller,  George  W  . . .  .New  York  City 
Furman,  -J.  E London,  Eng. 

Gleim,  C.  O Hamburg,  Germany 

Goad,  C.  E Toronto,  Ont  ,  Can. 

Greene,  J.  N Bangor,  Me. 

Gritfin,  P.  H Buffalo,  N.  Y. 

Haines,  H.  S New  York  City 

Hardy,  H Southsea,  Eng. 

Hering,  Kudolph New  York  City 

Hilgard,  K.  E... Zurich,  Switzerland 
Hodgdon,  Frank  W. . .  .Boston,  Mass. 

Hunsiker,  Millard London,  Eng. 

Hunt,  Charles  W New  York  City 

Hunt,  Robert  W Chicago,  111. 

Johnson,  Lewis  E   Steelton,  Pa. 

Jones,  Washington. Philadelphia,  Pa. 


Manley,  Henry Boston,  Mass. 

Marburg,  Edgar. . .  .Philadelphia,  Pa. 

Maxim,  Hiram  S London,  Eng. 

Melvin,  D.  N.  ..Linoleumville,  N.  Y. 

Jliller,  Spencer New  York  City 

Millis,  John Willets  Point,  N.  Y. 

Moncrieff,  J.  M Newcastle,  Eng. 


Ockerson,  J.  A. . . . 
O'Donnell.  J.  P.. 


...  St.  Louis,  Mo. 
. .  .London,  Eng. 


Packard,  R.  G New  York  City 

Parsons,  H.  de  B New  York  City 

Perrilliat,  Ai-sene..New  Orleans,  La. 

Phipps,  L.  C Pittsburg,  Pa. 

Pontzen,  E Paris,  France 

Reynders,  J.  V.  W . .  Harrisburg,  Pa. 
Robinson,  A.  W. . .  .Milwaukee,  Wis. 
Ruddle,  John  ...Maucli  Chunk,  Pa. 
Ryder,  E.   M.  T..New  Haven,  Conn. 

Sawyer,   Edward Boston,  Mass. 

Scott,  Addison  M.  .Charleston, W.Va. 
Smith,  F.  Hopkinson  .New  York  City 
Stauffer,  D.  McN New  York  City 

Tait,  J.  G New  York  City 

Talbot,  A.  N Urbana,  111. 

Thomson,  John New  York  City 

Van  Sant,  R.  L   St.  Louis,  Mo. 

Wallace,  John  F Chicago,  111. 

Warren,  W.  H Sydney,  N.S.W. 

Watson,  Wm  Boston,  Mass- 
Webster,  William  R .  Philadelphia,  Pa. 

Wiley,  William   H New  York  City 

Woods,  H.  D.    .  .West  Newton,  Mass. 


King,  Paul  S New  York  City      Yeatman,  M.  E London,  Eng. 
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ANNOUNCEMENTS. 

In  accordance  with  the  resolution  of  the  Board  of  Direction  the 
House  of  the  Society  is  open  every  day,  except  Sunday,  from  9  A.  M. 
to  10  P.  M. 

MEETINGS. 

Wednesday,  September  5th,  1900. — A  regular  business  meeting 
will  be  held.  Ballots  for  membership  will  be  canvassed,  and  a  paper 
by  Elwood  Mead,  M.  Am.  Soc.  C.  E.,  entitled,  "Irrigation  Studies," 
will  be  presented  for  discussion.  This  paper  was  printed  in  the  May 
number  of  Proceedings. 

Wednesday,  September  19th,  1900. — A  regular  meeting  will  be 
held,  at  which  will  be  presented  a  paper  by  L.  G.  Montony,  Assoc.  M. 
Am.  Soc.  C.  E.,  entitled  "The  Ninety-Sixth  Street  Power  Station  of 
the  Metropolitan  Street  Railway  Company,  of  New  York  City."  This 
paper  is  printed  in  the  current  number  of  Proceedings. 
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MONTHLY  LIST   OF    RECENT   ENGINEERING   ARTICLES  OF 

INTEREST. 

(May  9tli  to  August  7tb,  1900.) 

Note.  —  Th  is  list  is  p  nblishedfor  the  p  urpose  of  placing  before  the  members 

of  the  Societif  the  titles  of  current  engineering  articles,  which  can  be  referred 

to  in  am/  available  engineering  library,  or  can  be  procured  by  addressing 

the  publication    directly,    the    address    and  price   being    given   wherever 

possible. 

LIST  OF  PUBLICATIONS. 

In  the  subjoined  list  of  articles  references  are  given  by  the  member  pre- 
fixed to  each  journal  in  this  list. 

{i)  Journal,  Assoc.  Eng.  Soc,  257  South 

Fourth  St.,  Philadelphia,  Pa.,  30c. 
(a)  P)-oceecliiigs.  Eng.  Club  of  Phila.,  1122 

Girard  St.,  Philadelphia,  Pa. 

(3)  Jorirudl.    Franklin    Inst.,    Philadel- 

phia. Pa..  50c. 

(4)  t^OKDirf/.  Western  Soc.  of  Eng.,  Mo- 

nadnock  Block,  Chicago.  111. 

(5)  Tra».t<tctions,  Can.  Soc.  C.  E.,  Mon- 

treal, Que.,  Can. 

(6)  School  of  Mines  Quarterly,  Columbia 

Univ.,  New  York  City,  50c. 

(7)  Technology    Quarterly,    Mass.     Inst. 

Tech.,  Boston,  Mass.,  75c. 

(8)  Stevens  Institute  Indicator,  Stevens 

Institute,  Hoboken,  N.  J.,  50c. 

(9)  Engineering   Magazine,    New    York 

City,  30c. 
(10)  Cassier's  Magazine,  New  York  City, 

25c. 
(ill  Engineering  (London),  W.  H.  Wiley, 

New  York  City,  35c. 

(12)  TTie  Engineer  (London),  International 

News  Co.,  New  York  City,  35c. 

(13)  Engineering  Xews,  New  York  City, 

15c 

(14)  The  Engineering  Record,  New  York 

City,  12c 

(15)  Railroad  Gazette,  New  York  City, 

10c. 

(16)  Engineering   and    Mining   Journal, 

New  York  City,  15c. 

(17)  Street  Railway  Journal,  New  York 

City,  35c. 

(18)  Railway   and   Engineering    Review, 

Chicago,  111. 

(19)  Scientilic  American  Supplement,  New 

York  City,  10c. 

(20)  Iron  Age,  New  York  City,  10c. 

(21)  Railway    Engineer,    London,     Eng- 

land. 

(22)  Iron  and  Coal  Trades  Review,  Lon- 

don, England. 

(23)  Bulletin,  American  Iron  and  Steel 

Assoc,  Philadelphia,  Pa. 

(24)  American     Gaslight    Journal,    New 

York  City,  10c. 

(25)  American  Engineer,  New  York  City, 

20c. 

(26)  Electrical  Review,  London,  England. 

(27)  Electrical  World  and  Electrical  En- 

gineer.  New  York  City,  10c. 

(28)  Industries  and  Iron,   London,  Eng- 

land. 

(29)  Journal,   Society  of  Arts,   London, 

England. 

(301  Annates  des  Travaux  Publics  de 
Belgique,  Brussels,  Belgium. 

C31)  Annates  de  V  Assoc,  des  Ing.  Sortis 
des  Ec6le  Sptciales  de  Gand,  Brus- 
sels. Belgium. 


(32)  Memoirs  et  Cornpt  Rendu  des  Tra- 

vaux,  Soc.    Ing.    Civ.   de  France,. 
Paris,  France. 

(33)  Le  Ginie  Civil,  Paris,  France. 

(34)  Portefeuille     Econornique    des    Ma- 

chines, Paris,  France. 

(35)  Nouvelles  Annates  de  la   Construc- 

tion, Paris,  France. 

(36)  La  Revue  Technique,  Paris,  France. 

(37)  Revue  de  Mecanique,  Paris,  France. 

(38)  Revue  Gin€rale  des  Chemins  de  Fer 

et  des  Traniivays,  Paris,  France. 

(39)  Railway  Master  Mechanic,  Chicago, 

111. 

(40)  Railway  Age,  Chicago,  111.,  10c. 

(41)  Modern  Machinery  ,ChicRgo,  111.,,  10c. 

(42)  Transactions,  Am.  Inst.  Elec.  Eng., 

New  York  City,  50c. 

(43)  Annates    des    Fonts    et    Chaussies, 

Paris,  France. 

(44)  Journal,    Blilitary   Service    Institu- 

tion, Governor's  Island,  New  York 
Harbor,  75c. 

(45)  Mines  and  Minerals,  Scranton,  Pa. 

20c. 

(46)  Scientific  American,  New  York  City, 

10c. 

(47)  Mechanical   Engineer,     Manchester, 

England. 

(48)  Zeitschrift  des  Vereines  Deutscher  In- 

genieure,  Berlin,  Germany. 

(49)  Zeitsch  rift  fur  Bauwesen,  Berlin,  Ger- 

many. 

(50)  Stahl  und  Eisen,  Duesseldorf,  Ger- 

many. 

(51)  Deutsche    Bauzeitung,    Berlin,    Ger- 

many. 

(52)  Rigasche     Industrie- Zeitung,     Riga, 

Russia. 

(53)  Zeitschrift   des  oesterreicliischen  In- 

genieur  und  Architekten   Vereines, 
Vienna,  Austria. 

(54)  Den    Tekniske  Forenings    Tidsskrift, 

Copenhagen,  Denmark. 

(55)  Ingenidren,  Copenhagen,  Denmark. 

(56)  Teknisk  Tidskrift.   Stockholm,    Swe- 

den. 

(57)  TekniskUgeblad.  Christiania,Norway. 

(58)  Proceedings,   Eng.  Soc.    W.   Pa.    410 

Penn  Ave.,  Pittsburg,  Pa.    50c. 

(59)  Transactions,    Mining     Institute    of 

Scotland,   London  and  Newcastle- 
upon-Tyne. 

(61)  Proceedings,  Western  Railway  Club. 

225  Deai-born  St.,  Chicago,  111.,  25c. 

(62)  American    Manufacturer    and   Iron 

World,  59  Ninth  St.,  Pittsburg,  Pa. 

(63)  Minutes  of  Proceedings,  Inst.  C.  E 

London,  England. 
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LIST  OF  ARTICLES. 
Bridge. 

Reactions  iu  Swing-Bridge  Trusses.    Willis  Whited.     (58)  Februarj'. 

Arched  Bridges  over  tbe  Rhine.*    ( ii~)  Serial  beginning  Feb.  9,  ending  June  8. 

Special  Bridge  and  Viaduct  Construction  in  Western  Pennsylvania.*  (14)  Serial  begin- 
ning April  28,  ending  June  2. 

Viaduct  Approaches  for  the  New  East  River  Bridge  at  New  York  City.*    (13)  May  10. 

The  Tiiwers  and  Approaches  of  the  New  East  River  Bridge.*    146)  May  12. 

Eiglit -Track  Rolling-Lift  Drawbridge  over  the  Chicago  Drainage  Canal.*    (13)  May  34. 

Brid^'e  DeHections  under  High  Speed.*    Malverd  A.  Howe.     (15)  May  25. 

The  SclnTzcr  Type  of  Bascule  Drawbridge.*    (12)  June  1. 

Briil^'f  liispccticin  on  the  Erie  Railroad.     (14)  June  2. 

A  liclliiig-Lift  Bridge  at  Cleveland.*    (40)  June  8. 

Working  Swing  ISridges  by  Electricity.*    ( 12)  June  8. 

The  Bflieliclil  t^tone  Arch  Bridge,  Pittsburg.*    (14)  June  9. 

The  Duliitli  and  Superior  Bi'idge.*    (14)  June  23. 

The  Exliibit  of  Typical  American  Bridges  at  the  Paris  Exposition.*  Geo.  L.  Fowler. 
(13)  Julys. 

The  Chicago  Type  of  Bascule  Bridge.*     (14)  July  21. 

Tbe  Failure  and  Repaii-  of  the  Piers  of  the  Aqueduct  Bridge,  Washington,  D.  C*  L.  R. 
Grabill.     (13)  July  26. 

Repairing  a  Bridge  Pier  by  means  of  an  Annular  Pneumatic  Caisson.*  Edward  M.  St. 
John.     (13)  August  2. 

Nouveau  Type  de  Pont  Suspendu  Rigide.     (33)  May  5. 

Pont  de  rOued  Endja  ( AlgSrie).*    (33)  June  16.  < 

ElectricaL 

The  Polyphase  Distributing  System  of  the  MetropoUtan  Street  Railway  Company  of  New 

York  City.*    J.  E.  Woodbridge.     (27)  Serial  beginning  March  31,  ending  June  9. 
A  New  Transmission  Dynamometer.*    W.  Elwell  Goldsborough.     (42)  April. 
Wave  Transmission    over  Non-Uniform  Cables  and  Long  Distance  Air-Lines.     M.  I. 

Pupin.     (42)  April. 
The  Electrical  Equipment  of  Ships  of  War.*    (26)  Serial  beginning  April  6,  ending 

May  4. 
A  Practical  Transmitter  Using  the  Sine  Wave  for  Cable  Telegraphy;  and  Measurements 

with  Alternatmg  Currents  upon  an  Atlantic  Cable.*    Albert  C.  Crehore  and  George 

O.  Squier.     (42)  May. 
Willesdeu  Electric  Supply  Works.*    (12)  May  4. 
On  Distant  Electric  Power  Transmission.    Prof.  George  Forbes.    (26)  Serial  beginning 

May  11,  ending  May  25. 
The  Properties  of  Carbon  in  Electrical  Work.     Elihu  Thomson.     (27)  Serial  beginning 

May  12,  ending  May  26. 
Coventry  Corporation'Electricity  Works.*    (a6)  May  18. 
Electrical  Winding  and  Haulage  Machinery.*    W.  MiiUer.    (22)  Serial  beginning  May 

18,  ending  June  8. 
The  Central-Station  Situation  in  the  City  of  Chicago.*    (27)  May  19. 
Running  Collieries  Entirely  by  Electricity  from  One  Center.    Sydney  F.  Walker.     (22) 

May  25. 
Electromagnetic  Mechanism,  with  Special  Reference  to  Telegraphic  Work.    R.  A.  Fes- 

senden.     (3)  Serial  beginning  June,  ending  August. 
Electric  ^Ii)t(>r  Carriages.*    (26)  June  1. 
The  Cost  of  Electric  Power  Production.    Philip  Dawson.     (11)  Serial  beginning  June  1, 

ending  June  29. 
Report  of  the  National  Electric  Light  Association  Committee  upon  the  Photometric 

Value  of  Arc  Tramps.*    (27)  June  2. 
Thp  Power-Generating  Plant  at  the  Paris  Exposition.*    (19)  June  16. 
Tlie  Electrical  Plant  at  the  Parkgate  Steelworks.*    (22)  June  22. 
Mutual  Inductance  of  Three-Phase  Circuits.*    Aug.  J.  Bowie,  Jr.     (27)  June  23. 
The  Eleitiic  Automobile.    A.  L.  Riker.     (19)  June  23. 

The  United  Electric  Light  and  Power  Company  of  New  York  City.*    (27)  June  23. 
Eleclrical  :Mea.siirements  of  Work  or  Energy.    G.  L.  Addenbrooke.     (9)  July. 
Copper  Saving  in  the  Joint  Transmission  of  Direct  and  Alternating  ( 'urrents.    Frederick 

Bedell.     (26)  July  6. 
Electrically-Driven  Printers'  Machinery.*    (12)  July  13. 
Electric  Automobiles  at  the  Paris  Exposition.*    (27)  July  14. 

Electrolysis  of  Underground  Metal  Structures.*    Dabney  H.  Maury.     ( 13)  July  19. 
The  Incandescent  Lamp.    Ed.  C.  De  Segundo.     (26)  Serial  beginning  July  20,  ending 

July  27. 
Electric  Driving.    H.  A.  Mavor.     (47)  July  21. 

Cost  and  Limitation  of  Electric  Vehicle  Traction.    Alton  D.  Adams.     (46)  July  28. 
The  Design  of  Tractive  Electromagnets.*    W.  Elwell  (loldsborough.    (27)  July  28. 
Altei-nating  Current  Generators.    H.  G.  Heist      (24)  July  30. 
Elect  lie  Power  in  the  Parkgate  Steelworks,  England.*    (27)  August  4. 
Electrolysis  in  l^rovi<lence.  R.  I.*    (14)  August  4. 
T616grai)hie  Multiple  Reversible  ou  Multiplex:  Systems  E.  Mercadia.*    G.  Briand.    (33) 

June  16. 

*  Illustrated. 
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Marine. 

Notnhlo  Incidents  in  Early  Ocean  Steam  Navigation.    (12)  Serial  beginning  March  Ki, 

ending  .Tune  1. 
Adniiralt  V  Kiigineering.     ( 12)  Serial  becinniug  March  30,  ending  May  18. 
Tlie  Now  "Ti>leiri:ii>h  Steamer  Ton  Poclhielski*    Prof.  Jamieson.     (26)  Serial  beginning 

Jlav  4.  eiidinir  Alav  '-"1. 
The  Japanese  Hattl.'slnp  Asahi*    (11)  Serial  beginning  May  25,  ending  Jmie  29. 
The  Demonstrated  Success  of  the  Submarine  Boat.*    Rear  Admiral  Philip  Hichbom. 

(9)  June.  ' 

The  Action  of  Bilge  Keels.    G.  H.  Bryan,     (.n)  June  1. 

Dry  D(K>k  with  Stei'l  Caisson  Fnuiulatidiis  at  the  Port  of  Toulon,  France.*    1 13  )  June  7. 
Corrosion  and  Failure  of  Proi>ell.'r  Shafts.*     A.  Scott  Younger.    (11)  June  15. 
Naval  Dock-sot' the  United  States.^^    Waldon  Fawcett.     (62)  June  28. 
The  Ship-Building  Yards  of  the  United  States.*    Waldon  Fawcett.     (9)  Serial  beginning 

July,  ending  August. 
The  Distribution  01'  Pressiu-e  due  to  Flow  round  Submerged  Svu-faces,  with  Special  Ref- 
erence t^>  Balanced  Rudders.*    Professor  H.  S.  Hele-Shaw.     (11)  Serial  beginning 

July  13.  endintr  July  20. 
Partial"  Failure  of  CotTer  Dam,  New  Dry  Dock,  Boston  Navy  Yard.*    Frank  O.  Maxson. 

(14)  August  4. 
Classification  et  Utilisation  Militaire  des  SousMarins.    H.  Noalhat.     (36)  June  25. 

Mechanical. 

Engine  Tests.    George  H.  Barrus.     (14)  Serial  beginning  Feb.  17,  ending  April  14. 

The  Gils  Engine  in  Practical  Use.*    J.  D.  Lyon.     (58)  April. 

Recent  Developments  in  Hydraulic  Lifts.     (47)  Serial  beginning  April  28,  ending  May  5. 

An  Inertia  Valve  Percussive  Tool.*    Chester  B.  Albree.     (58)  May. 

riy-Wheel  Accidents.'     (22)  May 4. 

Road  Locomotion.*  Professor  H.  S.  Hele-Shaw.  (12)  Serial  beginning  May  4,  ending 
June  8. 

On  the  Manufacture  and  Application  of  Water-Gas.*    Carl  Dellwik.     (22)    May  11. 

Tlie  Modern  Gas  Engine.*  James  Dunlop.  (47)  Serial  beginning  May  12,  ending  May 
26. 

Inclined  Retorts  at  the  Bankside  Works  of  the  South  Metropolitan  Gas  Company,  Lon- 
don. England.*    C.  C.  Carpenter.     (24)  May  21. 

The  Automobile  Wagon  for  Heavy  Duty.*  Arthur  Herschmann.  (47)  Serial  beginning 
May  2(5,  ending  June  2. 

Some  Points  on  Slow-Speed  Engine  Design.*  A.  Marshall  Downie.  (47)  Serial  begin- 
ning May  26,  ending  June  9. 

Experiments  on  Using  Gasoline  Gas  for  Boiler  Heating.    Herman  Poole.     (47)  June  2. 

Stationary  Shop  Boilers.    F.  W.  Dean.     (i5)  June  15. 

Boiler  Testing.     (47)  Serial  beginning  June  16,  ending  June  30. 

Open-Hearth  Steel  Boiler  Plates.*    T.  L.  Oondrou.     ( 15)  June  22. 

The  Design  of  Steam  Power  Plants.  Henry  C.  Meyer,  Jr.  (14)  Serial  beginning  June23, 
ending  July  14th. 

Electrically-Driven  Air  Compressor.*    (12)  June  29. 

Experiments  with  a  Boiler  Arranged  to  Serve  as  a  Calorimeter  for  Determining  the  Heat- 
ing Value  of  Coal.  Charles  J.  Slipper,  E.  Mortimer  Harrison  and  Edward  C. 
Schmidt.     (8)  July. 

Foundry  Cranes.*    Joseph  Horner.     (10)  July. 

Modern"  Jlethods  of  Manufacturing  Gas;  with  a  description  of  Its  Distribution  under 
High  Pressure.     (2)  July. 

The  Development  of  Fly-Wheels.*    Oharles  H.  Benjamin.     (10)  July. 

Utilizmg  the  Waste  Heat  from  the  Gas  Engine.    Alton  D.  Adams.     (9)  July. 

Gas  Engine  Experiments.*    Prof.  W.  W.  F.  Pullen.     (47)  July  7. 

Power  Transmission  by  Shafting  vs.  Electricity.     (18)  July  7. 

The  New  Air  Ship  of  M.  De  Santos  Dumont.*    (46)  July  7. 

"The  New  Gas."    W.  H.  Y.  Weber.     (24)  July  9. 

Some  Notes  On  the  Application  of  Motors  in  an  Iron  and  Steel  Plant.*    (27)  July  14. 

Naphthaline  from  Retort  to  Point  of  Deposition.    William  Young.     (24)  July  16. 

The  Valves  of  Internal  Combustion  Engines.*    James  D.  Roots.     (12)  July  20. 

Cylinder  Proportions  for  Compound  and  Triple-Expansion  Engines.*  B.  C.  Ball.  (47) 
July  21. 

Testing  a  Blast  Furnace  Gas  Engine.     (62)  July  26. 

Blast  Furnace  Gas  Engine.*    (41)  August. 

Electric  Cranes  in  German  Harbors.*    Louis  J.  Magee.     (10)  August. 

Starters  for  Gas  Engines.*    (41)  August. 

The  Fellows  Machine  and  Cutter  for  Generating  Gear-Teeth.*    (3)  August. 

The  Future  of  Power  Development:  The  Outlook  for  the  Steam  Engineand  other  Forms 
of  Prime  Mover.    William  D.  Ennis.     (9)  August. 

Speed  Variations  Occurring  during  the  Cycles  of  the  Otto  Gas  Engine  and  the  Diesel 
Heat  Motor.*    (13)  August  2. 

Some  Notes  on  Larger  Types  of  Gas  Engines.    J.  B.  Crockett.     (24)  August  6. 

Hauling  and  Pumping  Underground  by  an  Oil-Engine.  William  Smith.  (59)  vol.  xxi, 
pt.  3. 

Calorim^trie  Graphique  de  la  Machine  a  Vapeur.    Fritz  Krauss.     (37)  May. 

*  Illustrated. 


170  CURRENT   TECHNICAL   LITERATURE.  [Society 

Mechanical — (Continued). 

La  Th6orie  de  la  Machine  a  Vapeur.    Anspach.     (37)  June. 

Les  Gazogenes  Rich6.*    P.  Corbier.     (33)  June  30. 

Chaudiere  Multitubulaire.  Systenie  Delpeutte.*    Pierre  Guerton.     (34)  July. 

Essai  d"une  Machine  Soufflante  a  Gaz  de  Haut  FourneiMi.*    (36 )  July  10. 

Military. 

Modern  Field  Artillery.*    (11)  Serial  beginning  March  2,  ending  May  25. 

Disappearing  Gun  Carriages  in  the  United  States.*    G.  H.  Powell.     (9)  June. 

New  Ferracute  Pi-esses  for  Cartridge  Works.*    (20)  May  24. 

Notes  on  the  Construction  of  "  Long  Cecil,"  a  4.1-in.  Rifled  Breechloading  Gun,  in  Kim- 

berly  during  the  Siege,  18it9-1900.*    Edward  G off e.     (11)  June  29. 
Building  Big  Guns.    James  Eastus  Price.     (41)  August. 

Mining. 

Losses  in  the  Determination  of  Gold  and  Silver  in  Copper  Bullion:  Their  Causes,  and  a 

Method  for  Overcoming  Them.    W.  Randolph  Van  Liew.     (16)  Serial  beginning  April 

21,  ending  April  28. 
Electricity  in  Mining:  Principles  Governing  the  Calculation,  Construction,  and  Operation 

of  Electrical  Installations.    B.  B.  Williamson.     (45)  Serial  beginning  May,  ending 

August. 
Notes  on  the  Working  of  Coal  Mines  under  Sea.    Thomas  Bell.    (22)  Serial  beginning 

May  4,  ending  May  18. 
Working  Twin  Seams  of  Coal.*    W.   S.  Gresley.     (16)  Serial  beginning  May  12,  ending 

May  26. 
The  Ray  Copper  Mines,  Arizona.*    Alexander  Hill.     (16)  May  19. 
Draining  Gas  from  Gob  Workings.    Chas.  Connor.     (45)  June. 
Gold  Placers  in  Glaciated  Regions.*    Prof.  George  H.  Stone.     (451  June. 
On  the  Theory  of  Timbering:  The  Need  of  Data  at  Present  Unknown,  W^hich  can  only  be 

Derived  from  Experiment.*    Henry  Louis.     (45)  June. 
Precipitation  of  Gold  from  Cyanide  Solutions.    H.Watson.     (41)  June. 
Pike's  Peak  Company's  Power  Plant.*    (41)  June. 
Sinking  Parker  Shaft  at  Zinc  Mines,  Franklin  Furnace,  New  Jersey.*    J.  A.  Van  Mater. 

(45)  June. 
Mining  Accidents  and  Their  Prevention.    George  Farmer.     (22)  Junel. 
Electrical  (  Mid  3Iining  Machines.     (46)  June  23. 
Coal  Milling  at  tlie  Paris  Exhibition  of  1900.*    (22)  June  29. 

Safety  Lamps— Past  and  Present.*    (22)  Serial  beginning  June  29,  ending  July  6. 
Notes  on  Lead  Smelting  and  Gold  and  Silver  Refining:  The  Fallis  Manometer.*    Malvern 

W.  lies.     (16)  June  30. 
Peculiarities  of  Mine  Mechanics.*    J.C.Taylor.     (41)  July. 

The  Red  Ash  Mine  Disaster:  A  Description  of  the  Mine  and  the  Conditions  Existing  be- 
fore the  Accident— Suggested  Changes  in  Mine  Law.    James  W.  Paul.     (45)  July. 
Gold  Mining  in  Georgia.*     (46)  July  7. 

Dangerous  Outcrops  under  Quicksand  Deposits.*    (22)    July  13. 
Roads  for  Mining  Purposes.    Captain  C.  C.  Longridge.     (11)  July  13. 
Placer-Mining  in  the  Southern  Ourals.    Charles  Tappan.     (16)  Serial  beginning  July  14, 

ending  July  21. 
The  Nature  and  Yield  of  Metalliferous  Deposits.*    Bennett  H.  Brough.     (29)  July  20. 
Prospecting  in  the  Philippines.    G.  D.  Rice.     (62)  July  26. 
Argo,  or  Newhouse  Tunnel:  the  Purposes  for  which  it  is  being  Driven  and  the  Method  of 

Driving.*    Prof.  Arthur  Lakes.     (45)  August. 
Coal  Mines  of  Pictou:  A  Description  of  the  Mines  of  the  Colorado  Fuel  &  Iron  Co.,  the 

Methods  of  Operation  and  the  (ieoliigiral  Formation.*  Frank  Meade.  (45)  August. 
Electric  Mining  Machinery  in  the  Britisli  ( 'ollieries.'-  Sydney  F.  Walker.  (9)  August. 
Mine  Timbering:  Various" Methods  of  Cutting  and  Placing  Timbers  to  Secure  the  Best 

Results*    David  J.  Evans.     (45)  August. 
Some  Problems  in  Deep  Coal  Mining.    H.  M.  Chance.     (3)  August. 
Iron  Lining  for  Colliery  Shafts  *    M.  E.  Cleve.     (16)  August  4. 
Mines  de  Lignite  de  Gardanne  (Bouches-du-Rhone):  Construction  d'une  Galerie  Souter- 

raine  DestinSe  a  Relier  la  Concession  a  la  Mer.*    H.  Schmerber.     (33)  Serial  begin- 
ning May  26,  ending  June  9. 

Municipal. 

The  Improvement  of  Our  Roads.    A.  Moresby  White.     (29)  May  11. 

Parks  and  Boulevards.    A.  C.  Schrader.     (4)  June. 

Progress  toward  Uniform  Municipal  Statistics  in  the  United  States.     (13)  July  5. 

Railroad. 

English  and  American  Railways.     (12)  Serial  beginning  Dec.  1,  1899,  ending  March  30. 

1900. 
Dublin  Electric  Tramways.*    (26)  Serial  beginning  April  20.  ending  May  4. 
Locomotive  Road  Tests:  How  should  they  be  made"?    L.  P.  Breckenridge.     (6i)  May. 
On  the  Economical  Size  of  Goods  Trucks!    Charles  Oliver.     (21)  May. 
Some  Points  about  Steel  Forgings  for  Locomotives.    H.  F.  J.  Porter.     (39)  May. 
Railway  Car  Wheels.*    (22)  May  4. 

*  Illxistrated. 


Affairs.]  CUKRENT  TECHNICAL   LITERATURE.  171 

Railroad— (Continued). 

Manual  ControUtHl  iind  Automatic  Signals.    Alexander  HoUeyRudd.     (13)  May  10. 
The  JuiiRfrau  Tliree-Phase  Elrttik-  Railway.*    W.  H.  Molesworth.     (27)  May  12. 
Low-rrcssuiv  Piieuiuatio  liitorlockiiiK  at  Jersey  City.*     (15)  May  35. 
The  (.'i>iitiollt-(l  Manual  and  Antouiatii-  Bloek  Signalinp;  Systems.     C.  C.  Anthony.     (15) 

StM  ial  lu'fjiimnij,'  ^lay  '-5,  iMidint,'  .Tunc  1, 
Consideration  of  \Veij;ht  of  Parts  in  Locomotive  Design.    W.  H.  Marshall.     (25)  June. 
Loooniotivc  Design.*    F.J.Cole.     (25)  June. 
Railway  Hearings:  An  Investigation  of  Causes  of  Hot  Boxes  in  Railway  Service,  and 

^lethoils  for  Their  Prevention.*    Robert  Job.     (3)  June. 
The  Ventilat  ion  of  Passenger  Cars.    C.  B.  Dudley  and  F.  N.  Pease.     (25)  June. 
Looomotivi'  Peiiders:  Several  Examples  of  Improved  Practice.*    William  Forsyth.     (25) 

Serial  liegininng  June,  ending  July. 
Central  Loixion  Railway.*    (26)  Serial  beginning  June  1,  ending  June  29. 
The  Lexington  X-  Boston  Electric  Railway.*    (17)  June  2. 
Heavy  Track  Construction  in  New  Orleans.*    (17)  June  2. 
Engineering  Records  in  the  Railroad  Operating  Department.    C.  E.  Cartwright.     (15) 

June  8. 
Locomotive  Engines  at  the  Paris  Exhibition.*    (12)  June  8. 
The  Lyman  Pneumatic  Crossing  Signal.*    (15)  June  8. 
Rails  and  Rail  Joints.*    (19)  June  9. 

A  System  of  Signaling  for  Railways.*    W.  S.  Boult.     (13)  June  14. 
Lubrication  and  Hot-13oxes.    H.  B.  Hodges.     (15)  June  15. 
Tests  of  Westinghouse  and  New  York  Triple  Valves.*    ( 15)  June  15. 
Railroad  Concrete  Masonry.    W.  A.  Rogers.      (15)  Serial  beginning  June  15,  ending 

July  27. 
Renewing  Ballast  on  the  Michigan  Central  Ry.*    (18)  June  16. 

Types  of  American  Narrow  Gauge  Locomotives.*     (47)  Serial  beginning  June  16,  end- 
ing June  23. 
Center  Plates  and  Side  Bearings  for  Freight  Cars.*    (13)  June  21. 
Coke  for  Locomotive  Fuel.*    George  L.  Fowler.     (15)  June  22. 
Development  of  the  Structural  Steel  Hopper  Car.*    George  I.  King.     (40)  June  22. 
What  is  the  Ideal  Fast  Passenger  Engine?*    S.  M.  Prince,  Jr.     (15)  June  22. 
Exhaust  and  Draft  in  Locomotives.*    (15)  June  29. 
Recent  Locomotive  Practice  in  France.*    Edouard  Sauvage.     (13)  Serial  beginning  June 

29,  ending  July  6. 
The  Most  Economical  Size  of  Freight  Cars.    L.  F.  Loree.     (15)  July  6. 
The  State  Railways  of  France  at  the  Paris  Exhibition.*    (11)  Serial  beginning  July  6, 

ending  July  20. 
Electric  Lighting  of  Railway  Trains.*    Geo.  D.  Shepardson.     (27)  July  7. 
Some  Notes  on  the  Operation  of  the  Power  Plant  of  the  Chicago  &  Milwaukee  Electric 

Railway  Company.*    (17)  July  7. 
The  Largest  Electric  Railway  Company  in  Germany.*    (17)  July  7. 
The  Paris  Exposition  Third-Rail  Road.*    (27)  July  7. 
New  Passenger  Station  at  Richmond.*    (15)  July  13. 
The  Railways  of  China.*    (22)  July  13. 

Transportation  of  Freight.    Russell  Harding.     (18)  July  14. 
Wooden  Box  Cars  and  Coal  Cars  of  100  000  lbs.  Capacity;  Southern  Pacific  Ry.*    (13) 

July  19. 
Highway  Crossing  Alarms.    J.  S.  Evans.     (15)  July  20. 
A  New  Compound  Locomotive.*    John  Riekie.     (12)  July  20. 
Renewing  Steel  Rails.*    (22)  July  20. 

Southampton  Corporation  Electric  Tramways.*    (26)  July  20. 
The  Work  of  the  Light  Railway  Commission.    R.  H.  Scotter.     (26)  July  20. 
The  Central  London  Unlerground  Railway.*    (27)  July  21. 
Car  Lighting  witn  Acetylene.*    J.  M.  Morehead.     (40)  July  27. 
Acetylene  in  Station  and  Train  Lighting.    A.  Lipschutz.     (18)  July  28. 
Railroad  Dynamometer  and  Test  Car,  Illinois  Central  R.  R.*    (13)  August  2. 
Compressed  Air  Cars  in  New  York.*    (17)  August  4. 
Construction  Work  on  the  Tennessee  Central  Rv.*    (18)  August  4. 
Testing  and  Repairing  Methods  of  the  North  Jersey  Street  Railway  Company.*    (17) 

August  4. 
Recent  Improvements  in  the  Southwest    Missouri  Electric   Railway  System.*      (17) 

August  4. 
The  Neal-Jupiter  Brake.*    (17)  August  4. 

Locomotive  Compound  Articul^e:  Systeme  Mallet.    A.  Mallet.     (38)  May. 
Note  sur  le  Graissage  des  Locomotives  Amgricaines.*    Oudet.     (38)  June. 
Les  Signaux  en  Usage  sur  les  Lignes  de  Pfitat  Beige.    C.  Rollin.     (38)  June. 
Rapports  au  Comit6  de  I'Exploitation  Technique  des  Chemins  de  Fersur  le  Frein  a  Air 

Comprim^:  Systeme  Lipkowski.     (43)  First  trimestre,  1900. 

Sanitary. 

Difficulties  Encountered  in  Building  the  Storage  Well  for  the  Sewerage  System  of 

Concord,  Massachusetts.*    Leonard  Metcalf.     (i)  May. 
The  Thackeray  Garbage  Furnaces  at  San  Francisco,  Cal.*    F.  J.  Mills.     (13)  May  17. 
Sewer  Maintenance.    W.  C.  Parmley.     (i)  June. 

*  Illustrated. 
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Sanitary— (Continued). 

The  Towns'  Refuse  Problem.     (26)  Serial  beginning  June  1,  ending  June  8. 
Sewage  Disposal  at  Sheffield,  England.     (14)  June  9. 
Cleaning  Catch-Basins  and  Sewers.    A.  Prescott  Folwell.     (14)  June  16. 
The  Bacterial  Treatment  of  Sewage  in  England.*    Wm.  Easby,  Jr.     (2)  July. 
Garbage  Reduction  at  Columbus,  Ohio.     (13)  July  19. 
The  Management  of  Sewage  Farms.     (14)  August  4. 

Les  Grands  CoUecteurs  de  la  Ville  de  Dijon.    Charles  Mocquery.     (43)  First  trimestre, 
1900. 

Structural. 

Nickel  Steel:  A  Synopsis  of  Experiment  and  Opinion.    David  H.  Browne.    (47)    Serial 

beginning  Jan.  27,  ending  May  5. 
Architectural  Acoustics.     Prof.  Wallace  C.  Sabine.      (14)    Serial  beginning  April  14, 

ending  May  2(1 
The  Theory  and  Practice  of  Protective  Coatings  for  Structural  Metal.    A.  H.  Sabin.     (2) 

May. 
The  Use  of  Fluid  Metal  In  the  Open-Hearth  Furnace.    James  Riley.     (ii">    May  11. 
Concrete  Arches.*    Daniel  B.  Luten.     ( 15)  Serial  beginning  May  11,  ending  May  18. 
Foundations  for  High  Buildings  in  the  City  of  Mexico.     (18)  May  13. 
Ventilation  and  Heating,  Appellate  Court  House,  New  York.*    (14)  May  12. 
Hot  Water  Heating  from  a  Central  Station.*    H.  T.  Yaryan.     (20)  May  17. 
The  Proposed  American  Standard  Specifications  for  Steel.     (20)  Serial  beginning  May 

17,  ending  May  24. 
Some  Notes  on  Pipe  Founding.*    E.  Kebler.     (22)  May  25. 
Equalisation  of  the  Varying  Temperatures  of  Hot  Blast.*     Lawrence  F.  Gjers  and 

Joseph  H.  Harrison.     (47 1  May  26. 
The  Newark  Armory  Drill  Hall.*    (14)  May  26. 
Monier  Constructions.*    E.  Lee  Heidenreich.     (4)  June. 
The  New  Engineering  Building  of  the  University  of  Wisconsin.*    J.  B.  Johnson.    (4) 

June. 
Tests  of  Fire  Retardent  Materials.    Charles  L.  Norton.     (7)  June. 
Manvifacture  of  Slag  Cement.    i?/7ffr  Cecil  von  Schwarz.     (14)  June  2. 
The  Michigan  Alkali   Co.'s  Plant   for  Manufacturing  Portland  Cement  from  Caustic 

Soda  Waste.*    B.  B.  Lathbury.     (13)  June  7. 
The  Chimney  of  the  Metropolitan  Street  Railway  Company's  Power  House,  New  York.* 

William  Wallace  Christie.     (15)  June  S. 
The  Seventy-Fourth  Regiment  Armory,  Buffalo.*    (14)  June  9. 
Crystallization  of  Metals.*    Edward  B'.  (Tilmour.     (20)  June  14. 
The  Manufactvn-e  of  Cold-Drawn  Steel  Tubes.*    (40)  June  15. 
The  Preservative  Treatment  of  Timber.*    (22)  June  15. 

The  Pyritic  Smelting  of  Copper  Ores.    Captain  C.  C.  Longridge.     (11)  June  15. 
Ventilation  and  Heating  of  the  Law  School  Building,  University  of  Pennsylvania.*    (14) 

June  If). 
Cupola  Practice  in  Bessemer  Steel  Works.*    S.  M.  Rodgers.     (20)  June  21. 
The  I  )pen-Hearth  Continuous  Steel  Process.     Benjamin  Talbot.     (11)    June 22. 
The  Use  of  Oil  in  Metallurgical  Furnaces  in  Russia.*    ( 16)    June  23. 
Making  •' Best  Yorkshire  ■■  Iron.*    Erring  Matheson.     (10)    July. 
The  Hamilton  Steel  &  Iron  Company's  New  Steel  Plant.*    (20)    July  5. 
A  Modern  English  Blast  Furnace:  The  Millom  &  Askam  Hematite  Iron  Company,  Lim- 
ited.*   Axel  Sahlin.     (20)    July  12. 
The  Working  of  Bessemer  Converters.     (22 )    July  20. 
The  Lukens  Iron  and  Steel  Company's  New  Plant."*    (20)    July  26. 
A  New  Method  of  Constructing  Blast  Furnaces.*    (22)    July  27. 
The   Virginia  Portland  Cement  Company's  Works.*    Watson  Vredenbiu-gh,  Jr.     (14) 

July  28. 
Relations  between  Physical  and  Chemical  Tests  of  Cement.    Otto  H.  Klein  and  S.  F. 

Peckham.     (14)    August  4. 
Le  Nouvel  Hippodrome.*    (36)    April  25. 
Murs  (1p  Sduti'iiement  et  Passerelle  du  Quai  Debilly,  a  Paris,  en  Beton  de  Ciment  Arm6, 

Systrnie  Heiinebique.*    Paul  Sarrey.     (35)    May. 
Note  sur  lEmploi  d'Injectionsde  Ciment  a  I'AirComprimS  dans  les  Ma9onneries,  Terrains 
de  fondatiOQS,  etc.*  Cam6r6.     (43)    First  trimestre,  1900. 

Topograpliical. 

The  Survey  of  the  Mouths  of  the  Yukon  River,  Alaska.*    G.  R.  Putnam  and  R.  L.  Faris. 
(13)    June  7. 

Water  Supply. 

The  Reconstruction  of  the  Big  Hole  Dam.    Jos.  H.  Harper.     (1)    April. 

Mr.  Freeman's  Report  on  the  New  York  Water  Supply.*    (14)    Serial  beginning  April 

14,  ending  April  21. 
The  Water  Supply  of  New  Orleans.     Prof.  John  M.  Ordway.     (i)    May. 
Irrigation  Works  on  the  Nile.*    (12)    May  11. 

Report  on  Water  Purification  Experiments  at  Washington,  D.  C;     (13)    May  17. 
The  Sault  Power  Canal.*    Waldon  Fawcett.     (46)    May  26. 


*  Illustrated. 
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Water  Supply— (Continued). 

Outline  of  the  Geology  of  Long  Island  in  its  Relations  to  the  Public  Water  Supplies.  W, 
O.  Crosby.     (7)    June. 

The  Mt.  Prospect  Laboratory  of  the  Brooklyn  Water-Works,  Greater  New  York.*  George 
C.Whipple.     (13)    June  7. 

Water  Softening  Plant  at  the  Lorain  Steel  Company's  Blast  Furnaces.*  N.  O.  Gtoldsmith . 
(20)    June  14. 

Examination  of  the  Drinking  Water  of  Brooklyn,  N.  Y.*    (46)    June  30. 

The  Relationship  between  the  Cost  of  Water  Wasted  and  the  Cost  of  Detection  and  Pre- 
vention of  Waste.    A.J.  Jenkins.     (12)    Serial  beginning  July  6,  ending  July  13. 

The  Jersey  City  Water-Works.*    (14)    July  31. 

Filtres  D^grossisseurs  pour  Grandes  Masses  d'Eau.*    A.  Puech.     (32)     May. 

La  Sterilisation  des  Eaux  Alimentaires.*    Albert  Berg6.     (32)    June. 

Les  Eaux  Souterraines  et  Leur  Captation  au  Moyen  de  Puits.*  L.  Brouhon.  (30) 
June. 

Not«  sur  les  Dimensions  k  Donner  aux  Reservoirs  des  Distributions  d'Eau.  Ch.  Vigreux. 
{33)    July  21. 

Waterways. 

Sea  Level  Canal  Across  the  Isthmus  of  San  Bias.    W.  W.  Redfleld.     ( 1 )    May. 

The  Hotopp  Syphon  Locks  on  the  Elbe-Trave  Canal.*    ( 1 1 )    May  4. 

Deep  Sea  Dredges  and  Dredging.*    Waldon  Fawcett.     (62)    May  34. 

Self-Propelling  Hydraulic  Dredge  for  the  Mississippi  River.*    (13)    May  31. 

The  East  Minnesota  Ore  Dock.*    DwightE.  Woodbridge.     (20)    June  21. 

Methods  and  Results  of  Surveys  and  Borings  for  Oswego-Mohawk  Ship  Canal  Route.   D. 

J.Howell.     (13)    Serial  beginning  June  21,  ending  June  38. 
Hydraulic  Pile-Screwing.*    C.W.Anderson.     (24)    June  25. 
The  Reaction  Breakwater  as  Proposed  for  the  Opening  of  the  Southwest  Pass  of  the 

Mississippi  River.*    Lewis  M.  Haupt.     (3)    iTuIy. 
The  Topography  of  the  Nicaragua  Canal  Route  and  the  Plans  and  Estimated  Cost  of 

Constructing  the  Canal.*    E.  S.  WTieeler.     (13)    July  12. 
A  Large  Steel  Pier  Shed.*    (14)    J,uly  28. 
Le  Canal  de  Panama  Historique:  Etude  et  Discussion  du  Projet  de  la  NouveUe  Com- 

pagnie.*    A.Dumas.     (33)    Serial  beginning  April  7,  ending  April  28. 
L'Exploitation  des  Voies  Navigables  de  la  Belgique.    A.  Debeil.     (30)    June. 
M6moire  sur  un  Canal  de  Navigation  Lateral  au  Rhone.    (35)    Serial  beginning  June, 

ending  July. 
Les  Ports  Tunisiens.*    G.  Leugny.     (36)    July  25. 

*  Illustrated. 
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Unless  otherwise  specified,  books  in  this  list  have  been  donated  to  the  Library 
by  the  Publisher. 


TOPOGRAPHIC  SURVEYING. 

Including  Greographic,  Exploratory,  and  Military  Mapping,  witli 
Hints  on  Camping,  Emergency  Surgerv  and  Photography.  By  Her- 
bert M.  Wilson,  M.  Am.  Soc."  C.  E.  Cloth,  9x  6  ins.,  30  +  910  pp., 
illus.     New  York,  John  Wiley  &  Sons,  1900.     $3.-50. 

The  author  has  aimed  to  bring  together  in  one  volume  the  data  essential  to  a  compre- 
hensive knowledge  of  topographic  surveying  and  to  cover  the  varied  phases  of  all  classes 
of  surveys  which  are  made  with  a  view  to  representing  on  maps  information  relative  to 
the  features  of  the  earth's  surface.  The  methods  elaborated  are  chiefly  those  which 
have  been  developed  in  recent  years  by  the  great  government  surveying  organizations 
and  by  such  few  private  corporations  as  have  kept  in  touch  with  the  most  modern  prac- 
tice. The  book  is  devoted  practically  to  higher  surveying  and  presupposes  a  knowl- 
edge of  all  the  more  elementary  branches. 

A  HUNDRED  YEARS  OF  GERMAN  BRIDGE  BUILDING. 

By  Georg  C.  Mehrtens.  Published  for  the  Paris  Universal  Exhibi- 
tion, 1900;  tr.  fr.  the  German  by  Ludwig  Mertens.  |  cloth,  15  x  11 
ins.,  135  pp. ;  illus.     Berlin,  Julius  Springer,  1900. 

This  work  treats  of  the  development  of  German  bridge  construction  with  regard  to 
theory,  design  and  erection,  supplemented  by  a  description  of  the  paintings,  models, 
etc.,  exhibited  by  German  bridge-building  firms  at  the  Paris  Exposition.  The  contents 
are: 

Introduction;  The  History  of  Girder  Systems  and  of  the  Theory  of  Bridges;  Improve- 
ments in  the  Construction  of  Iron  Bridges;  Bridge-Building  Companies  and  Their  Work; 
Appendix. 
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ADDITIONS. 

MEMBERS. 

Date  of 
Adam,  Eobeet,  Membership. 

Chf.    Eng.,   Vera    Cruz   Harbor  Work,    58  Apartado    de 

Correo,  Vera  Cruz,  Mexico May     2,  1900 

Atwood,  John  Abiel, 

Chf.  Eng.,  Pittsburg  and  Lake  Erie  K.  K.,  Beaver,  Pa Jan.      3,  1900 

Bakdol,  Frank  Valentine  Eehaed, 

Chf.  Eng.,  Bureau  of  Engineering,  437  East  Utica  St.,  Buf- 
falo, N.  Y May     2,  1900 

Body,  John  Benjamin, 

Gen.  Man.,  Tehuantepec  National  Ky.,  Coat- J  Assoc.  M.     Oct.     2,  1895 

zacoalcos,  Mexico 1  M.  May     2,  1900 

Eaelet,  Godfkey  Peaeson, 

Gen.  Man.  and   Chf.  Eng.,  Wiscasset  and  Quebec  E.  K., 
Chf.  Eng.,  Maine  Water  &Electric  Power  Co.,  Wiscasset, 

Me June    6,   1900 

Hayes,  Stanley  Wolcott, 

Div.  Eng.,  Western  Div.,  N.  Y.  C.  &  H.  E.  E.  E.,  Buffalo, 

N.  Y June    6,1900 

Iewin,  James  Clabk,  { Jun.  Apr.     4,  1893 

Div.   Eng.,   Middle   Div.,  N.  Y.   C.  &  H.  E.  ]  Assoc.  M.     Dec.     7,  1898 
E.  E.;  Ees.  162  Chestnut  St.,  Albany,  N.  Y.  (  M.  June    6,  1900 

Kennedy,  James  Heney, 

St.  Thomas,  Ontario,  Canada May     2,1900 

Langton,  John, 

72  Trinity  Place,  New  York  City May     2,  1900 

Liee,  Edwaed  Heevey, 

Eng.   and  Gen.  Eoadmaster,  C.  &  W,  I.  E.  E.  Co.  and 

The  Belt  Ey.  Co.  of  Chicago,  Chicago,  111 June    6,  1900 

MoNCUEE,  William, 

Supt.,  2d  Div.,  Seaboard  Air  Line,  Ealeigh,  N.  C May     2,  1900 

MoESE,  Edwin  Kietland, 

1206  Carnegie  Bldg.,  Pittsburg,  Pa June     6,  1900 

■Oaxley,  Feank  Thompson,  j  Assoc.  M.     Feb.     6,   1895 

1033  The  Spitzer,  Toledo,  Ohio 1  M.  June    6,  1900 

Patteeson,  John  Austin, 

420  Walnut  St.,  Philadelphia,  Pa May     2,  1900 

Koss,  Alexander  Bell, 

Eesident  Engineer,  Tampico,  Mexico May     2,  1900 

Waldo,  Mark  Albigense, 

Const.  Eng.,  Missouri  Valley  Bridge  and  Iron  Works,  226 
Third  Ave.,  Leavenworth,  Kansas May     2,  1900 


[jim.  June    2,  1886 
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ASSOCIATE    MEMBERS. 

Date  of 
Coaxes,  Frank  Raymond,  Membership. 

1645  Old  Colony  Bldg.,  Chicago,  111 Jan.     3,  1900 

CoEY,  Harry  Thomas, 

Prof.,  Civil  Eng.,  Univ.  of  Missouri,  Colum-  j  Jun.  June  20,  1893 

bia,  Mo. (  Assoc.  M.     March  7,  19C0 

Davis,  William  Eussell, 

Chf.  Bridge  Designer  and  Inspector  in  office  of  State  En- 
gineer, New  York  State,  Albany,  N.  Y May     2,  1900 

Feink,  Ellis  Alexander, 

Asst.  Eng.,  The  Structural  Iron  Co.,  Baltimore,  Md June    6,  1900 

Gerry,  Martin  Hughes,  Jr., 

Chf.  Eng.  and  Supt.,  Helena  Water  &  Electric  Power  Co., 

Canyon  Ferry,  Mont June     6    1900 

Goldsmith,  Nathaniel  Oliver, 

Treas.,  The  American  Coke  Drawer  Co.,  Vice- 

Pres.,  The  W^efugo  Co.,  Smith  and  Augusta  ' 

o,       n-      •        *■    r»i,-  Assoc.  M.     June    6,   1900 

Sts.,  Cincinnati,  Ohio ;  ' 

Hayden,  John  Bruce, 

Asst.  Eng.,  Bridge  Dept.,  N.  Y.  C.  &  H.  R.  R,  R.     Res.  152 

East  56th  St.,  New  York  City May     2,   1900 

Herrick,  John  James, 

161  Franklin  Place,  Flushing,  N.  Y June     6,   1900 

Leeper,  John  Bigger, 

713  Empu-e  Bldg.,  Pittsburg,  Pa Jan.      3,   1900 

Matthes,  Gerard  Hendkik, 

U.  S.  Geological  Survey,  Washington,  D.  C June     6,  1900 

Moss,  Robert  Edward, 

Eng.,  New  York   City  Building  Dept.;  Res.,  Bloomfield, 

N.  J May      2,  190U 

Nelson,  William, 

City   Eng.,   Supt.    of   Sewers   and  Street  Commissioner, 

Laconia,  N.  H June     6,  1900 

Pope,  Macy  Stanton, 

East  Machias,  Me May      2,   1900 

Roberts,  William  Jackson, 

Assoc.  Prof.,  Civ.  Eng.,  Washington  Agricultural  College 

and  School  of  Science.  Pullman,  Wash June     6,   1900 

SCHMITT,   EWALD, 

2235  Thirteenth  St.,  N.  W.,  Washington,  D.  C Feb.     7,1900 

Shellenbergee,  Leidy  Rudy, 

113  Rochelle  Ave.,  Wissahickon,   Philadelphia,  Pa May     2,  1900 

Thomes,  Edwin  Howard, 

Rowayton,  Conn.   Dec.     6,  1899 

Tonkin  Thomas,  Juan, 

Care  of  Chilian  Consulate,  135  West  11th  St.,  New  York 
City Mar.     7,   1900 
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Date  of 

Vail,  Chaeles  Davis,  Membership. 

Box  561,  Butte,  Mont June     6,  1900 

Van  Alstynk,  Henky  Abthtjb, 

Res.  Eng.,  East.  Div.,  N,  Y.  State  Canals,  Albany,  N.  Y..  June  6,  1900 
Wilson,  Charles  William  Schrage, 

With   Niuighton  &  Co.,    258    Broadway,  New  j  Jun.  April  5,  1892 

York  City;  Res.,  New  Rochelle,  N.  Y "j  Assoc.  M.  Jan.     3,  1900 


associates. 
Elliott,  Howakd, 

Gen.  Man.,  Burlington  Route,  604  Pine  St.,  St.  Louis,  Mo.     June    5,1900 
Lawyer,  Jacob  Herbert, 

Pres.,  Sawyer  Spindle  Co.,  Chestnut  Hill,  Mass May     1,  1900 


juniors. 
Allen,  Walter  Hinds, 

Care  of  A.  Gregory,  Station  Agent,  F.  C.  I.  M.,  Durango, 

Mexico   May     1,  1900 

Buck,  Henky  Robinson, 

City  Engr.'s  Office,  Hartford,  Conn.;   Res.,  Wethersfield, 

Conn June     5,  1900 

BuMSTED,  Eugene  Beadfokd, 

546  Brumhall  Ave. ,  Jersey  City,  N.  J May     1,  1900 

Darrow,  Maeius  Schoonmakee, 

U.  S.  Eng.  Office,  1637  Indiana  Ave.,  Chicago,  III Feb.     6,  1900 

DurouE,  Frank  Olivee, 

462  Walnut  St.,  So.  Bethlehem,  Pa Dec.     5,  1899 

Paekee,  Chaeles  Feedeeic, 

Care  of  Mexican  International  R.  R.,  Durango,  Mexico...     June     5,  1900 
Peeey,  George  Franklin, 

1410  Sixth  St.,  N.  W.,  Washington,  D.  C April   3,  1900 

ScHwiEES,  Feedeeick  William, 

Care  of  F.  R.  Long  Co.,  320  Broadway,  New  York  City. . .     June     5,  1900 
Stouder,  John  Burton, 

805  Second  St.,  Albany,  N.  Y Mar.     6,  1900 

White,  Lazarus, 

18  West  119th  St.,  New  York  City May     1,   1900 

Woollaed,  George  Clifton, 

Eng.,  M.  of  W.,  Pittsburg,  Shawmut  and  Northern  E.  R., 
St.  Marys,  Pa April   3,   1900 
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CHANGES  OF  ADDRESS. 


MEMBERS. 


Abbot,  Fbedekic  Vatjghan Major,  Corps    of    Engrs.,    Office,    Chief    of 

Engrs.,  U.  S.  A.,  Washington,  D.  C. 

Aus,  Gdnwald Cons.  Eng.,  Ill  Fifth  Ave.,  New  York  City. 

Balbin,  Ernesto  Joaquin Chf.  of  the  Lighthouse  Board;  Res.  Virtudes 

No.  103,  Habana,  Cuba. 

Bland,  George  Pieerepont 510  Harrison  Bldg. ,  Philadelphia,  Pa. 

Beendlinger,  Peter  Franklin.  .  .Narberth,  Montgomery  Co.,  Pa. 

Carter,  .J.  Eivees Pulaski,  Tenn. 

Cornell,  George  Birdsall 52  Broadway,  New  York  City. 

Curtis,  Fayette  Samuel Fourth  Vice-Pres.,  N.  1'.,  N.  H.  &  H.  E.  R,, 

South  Terminal  Station,  Boston,  Mass. 

Devin,  George Care  of  Pardee  Works,  Perth  Amboy,  N.  J. 

De  Witt,  Phlltp  Hoffeckee Asst.    Eng.,    L.   V.    R.    R.,    102   New   St., 

Bethlehem,  Pa. 

Donovan,  John  Joseph New  Whatcom,  Wash. 

Dunlap,  De  Clermont 1108  Lincoln  Ave.,  Denver,  Colo. 

Edes,  William  Cushtng Asst.  Eng.,  Southern  Pacific  Co.,  4  Mont- 
gomery St.,  San  Francisco,  Cal. 
Giles,  Robert Prin.   Asst.   Eng.,  U.  S.    Eng.    Office,  San 

Juan,  Puerto  Rico. 

Gresham,  Robert  Hall 125  State  St.,  San  Antonio,  Tex. 

Geiswold,  Frank  Loomis Cruz  del  Eje,  Cordoba,  Argentine  Republic, 

S.  A. 

Hall,  Julien  Astin Bachelors'  Hall,  Va. 

Haedee,  William  Joseph City  Eng.,  Room  19,  City  Hall,  New  Orleans, 

La. 
Habeison,  Charles  Lewis Care  of  Denver  Union  Water  Co.,  Denver, 

Colo. 
Hinckley,  Howard  Vernon U.    S.    Supervising    Engineer,    Muscogee, 

Ind.  T. 

Hough,  David  Leavitt 374  Fifth  Ave.,  New  York  City. 

HovEY,  Otis  Ellis Ry.  Eng.  Dept.,  American  Bridge  Co.,  care 

of  Pencoyd  Iron  Works,  Pencoyd,  Pa. 
Howe,  Horace  Joseph Care  of  Rapid  Transit  R.  R.  Comm.,  231  W. 

125th  St.,  New  York  City. 

Jackman,  Howard  Hill 2177  Washington  Boulevard,  Chicago,  111. 

Jackson,  Jones  Mumfoed The  jMohawk  Club,  Schenectady,  N.  Y. 

Jenkins,  William  Dunbae Care  of  Commercial  Hotel,  Iron  Mountain, 

Mich. 
Kabeischa,  Serge  de    Kouznetshny  Pereoulok,   No.   18  log  6,   St. 

Petersburg,  Russia. 
Katte,  Walter Care  of  E.  B.  Katte,  Room  517,  N.  Y.  C.  R. 

R.   Offices,   Grand   Central  Station,  New 

York  City. 
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Keefee,  George  Alexander Res.   Eng.,    Dept.    of  Public  Works,   New 

Westminster,  B.  C,  Canada. 

Kinsley,  Thomas  Pearson 157th  St.  &  Broadway,  New  York  City. 

Le  Baron,  John  Francis 1107  New  England  Bldg.,  Cleveland,  Ohio. 

LiEB,  John  William,  Jr Gen.  Man.,  The  Edison  Elec.  Illuminating 

Co.,  53  Duane  St.,  New  York  City. 

McClintock,  J.  Y Asst.  Supt.  of  State  Forests,  Albany,  N.  Y. 

MoCoBMiOK,  George  King Res.  Eng.,  L.  &  N.  R.  R.,  641  Tremont  St., 

Selma,  Ala. 

Maltby,  Frank  BiERCE , U.  S.  Asst.  Eng.,  Missouri   River  Comm., 

Osage  City,  Mo. 

Palmer,  Frederick Neath,  South  Wales. 

Parker,  Maurice  Stiles Sherman,  Wyo. 

Potter,  Henry  Witbeck Whitehall,  N.  Y. 

Prichaed,  Henry  Sewall Civ.  Eng.,  with  American  Bridge  Co.,  Pen- 

coyd,  Pa. 

Prince,  George  Thomas 605  South  28th  St.,  Omaha,  Neb. 

Rood,  Henry  Martyn 59  Washington  St.,  Port  Chester,  N.  Y. 

Rosencbans,  William  Henry Cons.  Eng.,  1401   Monadnock   Block,  Chi- 
cago, III, 

Shiraishi,   Naoji 71  Miyamura-Cho,  Azabu,  Tokyo,  Japan. 

Storey,  William  Benson,  Jr Chf.  Eng.,  A.,  T.  &  S.  F.  Ry.,  Topeka,  Kan- 
sas. 

Upham,  Charles  Clifton Vice-Pres.  and  Gen.  Man.,  New  York  Steam 

Co.,  143  Liberty  St.,  New  York  City. 

Wallace,  John  Herbert Eng.,  M.  of  W.,  S.  P.  Co.  (Pacific  System 

and  Lines  in  Oregon),  San  Francisco,  Cal. 

Webb,  George  Herbert Supervisor,  C,  C,  C.  &  St.  L.  Ry.,  Spring- 

'  field,  Ohio. 

Webster,  Charles  Edward Chf.  Eng.,  D.  V.  &  K.  Ry.  Co.,  Dunmore, 

Pa. 

York,  Herbert  Waldo Cbf.  Eng.,  United  Elec.  Light  and   Power 

Co.,  53  Duane  St.,  New  York  City. 

ZiFFER,  Emanuel  A Opernring  5,  Vienna  I,  Austria. 

Zook,  Morris  Alexander Chf.  Eng.,  L.  E.  &St.  L.  C.  R.  R.,  Princeton, 

Ind. 


associate  members. 

Allen,  Henry  Clayton Res.  Eng.,  Middle  Div.,  N.  Y.  State  Canals, 

Syracuse,  N.  Y. 

Barr,  Joseph  Carroll 1117  Carnegie  Bldg.,  Pittsburg,  Pa. 

Boatrite,  James  Edwin 97  Jay  St.,  Albany,  N.  Y. 

Boggs,  John  Innerarity Tie  Siding,  Albany  Co.,  Wyoming. 

Brown,  Robert  King,  Jr Asst.    Supt.,    Pittsburg    Plate    Glass    Co., 

Crystal  City,  Mo. 
Beydone-Jack,  Ernest  Edmund.  .Chief  Draftsman,  Fort  Pitt  Bridge  Works, 

Canonsburg,  Pa. 
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BuEDETT,  Fbedebick  Andkbson.  . .  748  Maroy  Ave. ,  Brooklyn,  N.  Y. 

Chesteb,  Chaklie  Ellsworth..  .  .Silver  City,  New  Mexico. 

Claek,  Gkoege  Hallbtt Care  of  Albert  Carr,  Div.  Eng.,  Rapid  Transit 

Comm.,  13  Astor   Place,  Room    34,  New 

York  City. 
Cleveedon,  Heney  Lawrence.  ..  .Lansing,  Mich. 
CooLET,  Maueice  Wurtz Man.,  The  National  Contracting  Co.,  Glens 

Falls,  N.  Y. 
Gushing,  Robert  Delano Room    705,     Oneida    Block,    Minneapolis, 

Minn. 
Ellis,  Geoege  Ezea Signal   Eng.,    Standard    Signal  Co.,    Troy, 

N.  Y. 
Hareis,  Van  Alen Res.    Eng.,    U.  S.  Eng.    Corps,    Humacao, 

Porto  Rico. 

Haete,  Charles  Rufus (Old)  193  Fairfield  Ave.,  Bridgeport,  Conn. 

HowAED,  Charles  Pope 206  Harrison  St.,  Richmond,  Va. 

HoTT,  John  T.  Note Office   of  State   Eng.  &  Surveyor,  Albany, 

N.  Y. 

Ives,  Aethur  Stanley 532  Cooper  St.,  Camden,  N.  J. 

Jones,  Henry  Llewellyn Contracting    Eng.,    American    Bridge   Co., 

Sydney,  N.  S.  W.,  Australia. 

Jonson,  Ernst  Fbedrik 152  West  47th  St.,  New  York  City. 

Knowles,  Morris Asst.   Eng.,  in  chge.   Testing   Station   Im- 
provement &  Filtration  of  Water  Supply, 

Spring   Garden  Pumping  Station,  Phila- 
delphia, Pa. 
Lavis,  Fred Care  of  Chf .  Eng.,  B.  &  M.  R.  R.,  Boston, 

Mass. 

Lee,  David  Read 1407  Bellevue  Ave.,  Syracuse,  N,  Y. 

Long,  Eugene  McLean The  Continental  Iron  Works.Brooklyn,  N.Y. 

McCuLLOCH,  Richard "La  Jonction,"  Geneva,  Switzerland. 

Mlller,  Hew 28  West  26th  St.,  New  York  City. 

Smith,  Miller  Armstrong Chf.  Eng.,  The  Cuba  Company,   Santiago, 

Cuba. 
Stacpoole,  Stephen  Westeopp.  . . .  3«  Avenida  de  la  Libertad,  No.  5,  Orizaba, 

Estado  de  Vera  Cruz,  Mexico. 

Seurot,  Paul  Albert 138  Ave.  de  Villiers,  Paris,  France. 

Tripp,  Oscar  Holmes Rockland,  Me. 

Ulrich,  Daniel  Jerome  Park   Reservoir,  Kingsbridge,  New 

York  City. 
Wllkkeson,  Thomas  Jefpeeson . . .  Asst.   Eng.,  Keystone    Bridge  Works,   51st 

St.,  Pittsburg,  Pa. 
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ASSOCIATES. 

Chapman,  Melville  Douglas Iron  Gate,  Va. 

FisHBUKNE,  Edward  Bell,  Jr Pres.,  Hoge   Memorial   Military   Academy, 

Blackstone,  Va. 

Johnston,  John  Parey  220  Broadway.  New  York  City. 

Knowlton,  Theo.  Ely Watertown,  N.  Y. 

Rogers,  Edward  Alveeson 371  West  116th  St.,  New  York  City. 


JUNIORS. 

Ballou,  George  Langdon 128  West  42d  St.,  New  York  City. 

Bascom,  Harry  Franklin Asst.  Eng.  of  Const.,  Atlas  Portland  Cement 

Co.,  394  Union  St.,  Allentown,  Pa. 

Beach,  James  George 121  Murray  St.,  Binghamton,  N.  Y. 

Belznee,  Theodore   142  West  67tli  St.,  New  York  City. 

CoNNicK,  Harris  De  Haven 320  Sansome  St.,  San  Francisco,  Cal. 

Edwards,  Frederick  179  Washington  Park,  Brooklyn,  N.  Y. 

Faegusson,  Mark 11  Maiden  Lane,  Boom  1203,  New  York  City. 

Fuller,  Almon  Homer  253  Rochelle  Ave.,  Philadelphia,  Pa. 

Gregory,  John  Herbert Asst.  Eng.,  Improvement  of  Water  Supply, 

710  City  Hall,  Philadelphia,  Pa. 

Haeing,  Alexander  De  Graaf  Bldg.,  Albany,  N.  Y. 

Harris,  Henry  Alexander Princeton,  N.  J. 

Highley,  Lee Res.  Eng. ,  111.  Cent.  R.  R.,  Centralia,  111. 

How,  Richard  Willis Athens,  Pa. 

Kbays,  Reginald  Horton Asst.  Eng.  Div.  of  Cuba,  Havana,  Ciiba. 

McCaffery,  Richard  Stanislaus.  .The    Copper    Corporation    of  Chili,    Ltd., 

Chaiiaral,  Chili. 

Meeriman,  Thaddeus South  Bethlehem,  Pa. 

More,  Charles  Chuech Prof,  of  Civ.  Eng.,  University  of  Washing- 
ton, Seattle,  Wash. 

Penfield,  Waltee  Grant Lieut.,  1st  U.  S.  Infantry,  East  Berlin,  Conn. 

Ridgway,  Robeet Asst.   Eng.,    Rapid  Transit  R.  R.  Comni., 

147  Columbus  Ave.,   Room  2,  New  York 

City. 
Rhodes,  Feed  Dana Asst.  Eng.  with  J.  B.  &  J.  M.  Cornell,  26th 

St.  &  11th  Ave.,  New  York  City. 
Rowell,  George  Freeman Asst.  Eng.,  Penna.  Water  Co.,  Wilkinsburg, 

Pa.,  701  Wood  St.,  Station  D,  Pittsburg,. 

Pa. 

Sesser,   John  Coenelious  Saint  Joseph,  Mich. 

Swindells,  Joseph  Speingeb U.  S.  Res.  Eng.,  Gurabo,  Porto  Rico. 

Tappan,  Roger Topsfield,  Mass. 

Tenney,  George  Oliver Spartanburg,  S.  C. 
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The  events  -which  led  up  to  the  building  of  the  new  power  station 
of  the  Metropolitan  Street  Railway  Company  were  brought  about 
largely  by  the  steady  growth  of  the  company. 

In  1891  it  was  decided  to  adopt  mechanical  traction  for  Broadway, 
and  the  cable  was  selected  as  offering  the  best  tractive  power  for  heavy 
loads.  As  the  company  increased  in  size,  cable  extensions  were  built 
on  Lexington  and  Columbus  Avenues.  Having  built  these,  and  having 
laid  out  other  proposed  roads,  it  was  seen  that  the  cable,  by  its  multi- 
plicity of  sheave  pits,  curve  pits  and  power  houses,  was  too  expensive 
and  cumbersome  to  be  adopted  for  a  large  system;  and,  as  the  overhead 
trolley,  which  had  proven  so  satisfactory  in  other  cities, was  prohibited 
on  Manhattan  Island,  the  company  began  a  search  for  some  other 
system  which  would  prove  satisfactory  in  ojjeration  and  which  would 
also  overcome  the  objectionable  features  of  both  the  foregoing  systems. 

Note.— These  papers  are  issued  before  the  date  set  for  presentation  and  discussion. 
Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting,  and  may  be 
sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will  be  published  in  a 
subsequent  number  of  Proceedings,  and,  when  Anally  closed,  the  papers  with  discussion 
in  full  will  be  published  in  Transactions. 
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After  a  careful  study  of  all  the  underground  conduit  roads  in  exist- 
ence at  tliat  time  it  was  decided  to  build  and  equip  several  miles  of 
conduit  electric  road,  experimentally;  making  the  road-bed  so  that  it 
could  be  easily  changed  to  a  cable  road  if  the  experiment  failed.  This 
experimental  line  was  built  in  1895,  and  proved  so  satisfactory  that  it 
was  decided  to  adopt  the  conduit  electric  trolley  as  a  standard  for  all 
main  lines.  The  company  now  operates  all  the  lines  in  the  Boroughs 
of  Manhattan  and  The  Bronx.  Each  year,  since  1897,  it  has  converted 
several  roads  into  the  conduit  electric  construction,  and  when  the  con- 
version of  the  present  cable  roads  is  completed,  nearly  all  the  main 
lines  will  be  of  this  type.  All  the  street  railroads  in  The  Bronx  are  of 
the  overhead-trolley  tyj^e.  The  cross-town  lines  down  town  are  as  yet 
unequipped,  because  the  underground  trolley  does  not  seem  to  be 
suitable,  and  the  company  is  still  conducting  experiments  with  a  view 
to  securing  a  motive  power  for  them. 

Location. — The  station  is  located  on  First  Avenue  between  Ninety- 
fifth  and  Ninety-sixth  Streets,  and  the  property  extends  to  the  East 
River.  The  dimensions  of  the  building  are  shown  on  the  plan.  Fig.  1. 
Provision  has  been  made  for  a  marginal  street  along  the  river  front, 
by  leaving  a  space  about  75  ft.  wide  between  the  building  and  the 
river,  in  case  the  Dock  Department  should  ever  conchide  to  condemn 
and  purchase  that  strip. 

The  engine  house  is  on  the  north  and  the  boiler  house  on  the  south 
side  of  the  building.  The  width  of  the  former  is  about  112  ft.,  and  of 
the  latter  about  88  ft.  The  chimney  is  near  the  center  of  the  boiler 
room.  Fig.  2  is  a  longitudinal  section  of  the  boiler  house,  Fig.  3  a 
longitudinal  section  of  the  engine  room,  and  Fig.  4  a  cross-section 
through  the  building. 

The  space  opposite  the  chimney,  in  the  center  of  the  boiler 
house,  is  utilized  as  follows:  In  the  basement  this  space  contains 
the  water  supjily  piping;  on  the  first  floor  it  contains  the  feed 
pumps;  the  second  and  third  floors  are  left  for  secondary  heaters; 
the  fourth  is  for  an  oil  room,  and  the  fifth  is  used  as  a  machine  shop 
for  light  repairs.  An  elevator  and  a  stairway  jirovide  access  to  each 
floor. 

On  each  of  the  first,  second  and  third  floors  space  is  jjrovided  for 
two  large  blowers  to  be  used  for  forced  draft  if  it  be  found  advisable  or 
necessary  to  force  the  boilers. 
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At  the  southeast  corner  there  is  a  space  divided  up  into  a  stairway 
well  and  a  wash  room  on  each  boiler  house  floor  for  the  men.  Over 
each  wash  room  there  is  a  mezzanine  floor  for  lockers,  etc. 

The  Foundations. — Piles  were  driven  over  the  whole  site  and  then  a 
thick  bed  of  concrete  was  put  in.  The  thickness  of  the  concrete  under 
the  chimney  is  20  ft.;  under  the  center  of  the  boiler  house  it  is  7  ft., 
and  under  the  remainder  of  the  building  5  ft.  The  piles  are  from  35 
to  40  ft.  long,  and  extend  up  into  the  concrete  1  ft.  Those  under  the 
chimney  are  45  ft.  long.  The  piles  were  not  driven  entirely  to  refusal, 
yet  they  are  firmly  embedded  in  the  coarse  sand  or  gravel,  and,  accord- 
ing to  the  Engineering  Nexos  formula,  they  have  a  sufficient  bearing 
power. 

Near  the  present  westerly  property  line  of  the  site  there  was  an 
old  bulkhead  crib,  and  old  cribs  extended  out  along  Ninety-fifth  and 
Ninety-sixth  Streets,  formerly  making  piers  near  these  streets.  The 
site  of  the  building  was  formerly  the  water  slip,  and  therefore  the 
upper  part  of  the  excavation  was  mostly  filled  material  of  comj^ara- 
tively  recent  date. 

The   cribs  extend  down  near   each    street   line,  and   are  jjart  way 
under  the  building.     It  was  found  that,  by  removing  the  tops  of  these 
cribs,  when  the  excavation  was  being  made,  it  was  possible  to  drive 
piles  somewhat  regularly  and   sufficiently  well    through   the  bottom 
part.     Some  of  the  piles  were  shod.     The  cribs  did  not  extend  under 
the  area  occiipied  by  the  chimney.   The  preliminary  borings  indicated 
that  the  space  between  the  cribs  was  filled  with  heterogenous  matter 
down  to  about  Elevation  — -  15.     Under  this,  and  down  to  about  Eleva- 
tion— -75,  there  were  beds  of  sand,  each  about  10  ft.  in  thickness,  and 
growing  coarser  and  more  like  hardpan  as  the  dej^th  increased.     The 
strata  below  the  cribs  seem  to  be  almost  level  over  the  whole  site.  Below 
Elevation  — 75  stiff  blue  clay  extends  down  indefinitely  as  far  as  known. 
The  piles  were  driven  on  nearly  3-ft.  centers  under  the  walls,  and  on 
30-in.  centers  under  the  center  of  the  building.     Under  the  chimney 
they  were   driven  a  little   closer,  being   placed   so   that    the  triangle 
formed  by  each  three  adjacent  piles  has  30  ins.  on  a  side.     The  eleva- 
tion of  the  former  surface  of  the  ground  was  from  +  6  to  +  7  ft.     The 
elevation  of  the  basement  is  zero. 

A  vault  has  been  built  under  the  sidewalk  on  Ninety-fifth  Street  and 
on  First  Avenue,  with  the  floor  at  Elevation  —  2.   This  will  be  used  for 
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the  distribution  of  feeder  wires  and  probably  for  a  small  storage  bat- 
tery. There  is  piling  under  the  wall,  and  a  thick  bed  of  concrete  for 
the  floor,  which  is  not  piled. 

The  engine  foundations  are  shown  in  Fig.  2,  Plate  XXVII.  They 
are  mostly  of  brick,  but  the  lower  part,  below  the  holding-down 
bolts,  consists  of  a  shell  of  brick  filled  in  with  concrete.  Each  of  the 
large  foundations  would  contain  about  500  OOU  brick  if  entirely  built 
of  them. 

The  Eiigine  House. — The  engine  house  has  a  sub-floor  at  Elevation  + 
10,  the  engine  floor  being  at  Elevation  +  29.  At  the  west  end  there  is 
a  series  of  floors  at  Elevations  -f  54,  -J-  77  and  -f  91.  These  are  22  ft. 
wide,  and  are  to  be  used  as  switch-board  galleries.  At  the  top  there 
is  a  pent  house  running  around  on  the  four  sides  of  the  engine  house 
at  Elevation  -f-  102. 

The  engine  house  has  large  headroom,  and  is  trussed  across  by 
heavy  steel  trusses  22  ft.  8  ins.  aj^art.  These  carry  a  lantern  in  the 
center  and  the  pent  house  on  either  side. 

At  the  switch-board  end,  at  one  corner,  there  is  an  elevator  and 
stairway  for  visitors.  At  the  other  corner  of  the  switch-board  gal- 
leries a  spiral  stairway  is  provided  especially  for  the  use  of  the  em-, 
ployees.  At  the  other  end  of  the  engine  house,  and  in  one  corner, 
there  is  an  elevator  and  stairway  in  a  brick  enclosure  running  up  to 
the  pent  house  and  storeroom,  with  doors  to  the  engine  house  floor 
and  each  successive  floor  of  the  boiler  house. 

Chimney. — The  internal  diameter  of  the  chimney  is  22  ft.,  and  its 
height  is  353  ft.  It  is  higher  than  any  chimney  in  this  country,  and  of 
larger  diameter  than  any  in  the  world.  It  was  built  the  summer  be- 
fore the  building,  except  the  foundation  walls.  In  order  to  keep  at 
work  as  many  bricklayers  as  possible,  it  was  built  from  both  inside 
and  outside  scaffolds,  up  to  a  height  of  125  ft.,  and  two  material  ele- 
vators were  used.  From  that  elevation  to  the  top  a  scaff'old  and  elevator 
was  carried  on  the  inside  only. 

It  is  built  mostly  of  common  brick  and  contains  a  lining  of  fire- 
brick extending  about  50  ft.  above  the  highest  flue  opening.  It  has 
two  shells.  The  inner  is  just  thick  enough  to  support  its  own  weight, 
including  the  fire-brick  lining;  the  outer  carries  its  own  weight  and 
the  horizontal  wind  load,  taken  at  50  lbs.  per  foot.  To  resist  this 
overturning  moment,   and  to  stiffen  the  outer  shell,  counterforts  or 
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ribs  were  built  into  it,  as  shown  in  Fig.  5.  These  reach  within  about 
2  ins.  of  the  inner  shell  and  form  a  guide  for  its  movement  by  expan- 
sion or  contraction.  The  capacity  of  the  chimney  was  figured  by 
Eankine's  formulas.  Brick  was  used  instead  of  steel  because 
masonry  is  the  more  durable  material.  The  chimney  was  carried  high 
in  order  to  avoid  the  use  of  exhaust  fans  or  blowers,  and  because  it 
was  thought  better  to  let  the  foul  gases  escape  at  as  high  a  level  as 
possible.  It  contains  about  3  400  000  brick,  and  rests  on  a  block  of 
concrete  20  ft.  thick  and  88  ft.  square. 

The  flues  enter  from  opposite  sides  on  each  of  the  three  floors,  and 
a  baffle  wall  in  the  center,  reaching  just  above  the  highest  flue  open- 
ing, directs  the  gases  upward  and  prevents  the  discharge  from  one  side 
tending  to  choke  iip  the  opposite  flue. 

The  chimney  is  surmounted  by  an  iron  cajs,  cast  in  sections  and 
bolted  together  (Fig.  6).  The  whole  is  topped  by  a  series  of  lightning 
rods,  which  are  grounded  by  copper  ribbons  on  opposite  sides. 

Fig.  1,  Plate  XXVI,  shows  the  excavation  for  the  chimney,  partly 
filled  with  concrete,  and  also  shows  some  of  the  concrete  for  the  sur- 
rounding foundations.  Fig.  1,  Plate  XXVII,  is  a  view  of  the  chimney 
showing  the  height  to  which  the  outer  scaftolding  was  cax-ried. 

The  Building  — The  building  is  of  brick.  The  outside  is  faced  with 
iron-speckled  brown  brick  and  is  trimmed  with  granite  and  with  brown 
fire-flashed  terra  cotta.  The  window  frames  are  of  iron,  and  the 
cornice  and  monitor  trimmings  are  of  cojjper.  Fig.  2,  Plate  XXVII, 
is  a  view  of  the  completed  building,  from  the  river  end.  The  inside 
walls  of  the  engine  room  are  of  common  brick,  but  there  is  a  wains- 
coting of  enameled  brick  up  to  about  9  ft.  above  the  floor.  The  walls 
are  for  the  most  part  self-supporting.  The  floors,  floor  loads,  roof, 
roof  loads,  boilers,  coal  pocket  and  contents  are  carried  by  the 
columns.  There  is  a  heavy  cornice  of  terra  cotta  blocks  near  the  top 
of  the  building  and  this  is  jjartially  supported  and  anchored  by  iron 
frames,  but  these  are  so  constructed  as  to  allow  a  slip  down  of  1  in.  if 
the  wall  below  should  shrink  or  settle  away  ihat  much  from  the  iron 
frame  of  the  building.  Other  mouldings,  cornices,  etc.,  are  built  into 
and  supported  entirely  by  the  walls.  Fig.  2,  Plate  XXVII,  shows  the 
ironwork  of  the  building  during  erection. 

The  floor  loads  allowed  are  as  follows:  Engine-room  floor,  400  lbs. 
per  square  foot  on  the  part  between  the  engines,  and  600  lbs.  in  front. 
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which  amply  allows  for  the  concentrated  loads  of  the  exciter  engines 
and  exciter  switch-board;  siib-engine  room  floor,  225  lbs.  between  the 
engines,  with  special  provision  for  condensers,  heaters  and  pumps;, 
and  600  lbs.  in  front  where  are  supported  the  transformers  and  rotary 
converters  for  a  sub-station  for  the  power-house  locality;  225  lbs.  per 
square  foot  on  each  switch-board  floor;  175  lbs.  on  the  pent-house 
floor;  100  lbs.  for  the  roof;  425  lbs.  on  the  boiler-house  floors  for  the 
part  in  front  of  the  boilers;  and  225  lbs.  for  the  space  between  and 
back  of  the  boilers.  These  figures  include  the  allowance  for  the  floor 
itself  and  for  the  superficial  loads. 

No  iirovision  was  made  for  longitudinal  expansion,  as  it  was  con- 
sidered that  it  would  act  each  way,  from  the  big  brick  chimney  as  a 
fixed  point,  and  take  care  of  itself.  The  boiler-house  joints  are  mostly 
bolted  at  the  bottom,  so  as  to  absorb  some  of  the  exjiansion,  and  are 
solidly  riveted  at  the  toi^.  For  lateral  expansion  the  engine-house 
roof  trxasses  are  hung  on  end  pins  to  allow  for  any  slight  movement 
north  from  the  boiler  house,  which  is  rigidly  held.  The  engine-house 
columns  are  very  long,  and  those  on  the  north  side  are  wide  enough 
and  strong  enough  to  resist  the  vertical  load  as  well  as  the  horizontal 
outside  wind  load. 

The  wind  load  was  taken  at  30  lbs.  i^er  sqiiare  foot  at  the  top,  and 
was  decreased  somewhat  toward  the  bottom.  The  columns  were 
made  strong  enough  to  resist  this  Avind  pressure  on  a  span  extending 
from  the  end  truss  pin  to  the  ground,  as  it  was  anticipated  that  the 
engine  floor  and  sub-floor  would  not  be  put  in  until  some  time  after 
the  building  was  erected.  On  the  south  side  of  the  engine  room,  the 
columns  are  of  the  same  outline,  but  of  considerably  lighter  metal,  as 
they  will  have  no  wind  load  to  resist.  The  engine-room  trusses  are 
pin-connected  along  the  bottom  chord  and  riveted  at  the  top.  They 
carry  not  only  the  roof  and  its  load,  but  also  the  pent  house  and  its 
load. 

The  wind  pressure  from  the  east  or  west  is  resisted  in  the  engine 
room  by  a  lateral  system  in  every  other  bay.  This  starts  in  the  roof 
and  is  carried  down  to  the  column  bases  by  diagonal  rods  and  lateral 
braces.  The  traveling  crane  girder,  engine-room  floor  girder,  etc.,  are 
incorporated  with  this  system. 

In  the  boiler  house  the  columns  carry  not  only  the  floors  and  the 
boilers,  but  also  the  coal  pockets  and,  in  addition,  the  roof  and  its  load. 
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Each  pair  of  columns  in  tlie  center  of  a  battery  is  braced  diagonally 
from  floor  to  floor  from  the  coal  pocket  down. 

The  large  coal  pockets  j^resented  quite  a  problem.  The  tendency 
to  burst  or  spread  out  is  resisted  entirely  from  the  outside,  there 
being  no  exposed  iron  whatever  in  them.  The  pockets  are  lined  with 
I-beams  spaced  2  ft.  or  more  apart  and  varying  in  depth  from  10  to  15 
ins.  These  are  filled  in  with  concrete  which  is  carried  to  about  3  ins. 
overtheir  tops  and  then  covered  with  a  waterproofing  material.  The  con- 
crete surface  was  left  fairly  rough  in  order  to  prevent  the  waterproofing 
from  sliding,  or  peeling  ofi".  The  section  of  the  j^ockets  is  shown  on 
the  cross-section  of  the  building,  Fig.  4,  and  the  ends  are  vertical. 

The  pressures,  of  course,  are  calculated  for  a  maximum  load,  the 
conditions  for  which  are  that  the  i:)ockets  shall  hold  as  much  as 
they  can  be  made  to  by  trimming,  that  is,  that  the  coal  should  slope 
up  from  the  tops  of  the  vertical  sides  at  the  angle  of  rej^ose  to  the 
summit.  The  pockets  can  be  filled  by  the  conveyors  almost  to  this 
limiting  line. 

The  pressures  on  the  vertical  surfaces  wei*e  calculated  by  Rankine's 
formula  for  a  retaining  wall  with  superimposed  loads: 

p  r=  ivx  cos  cp 
in  which  j)  =  pressure  on  a  unit  of  surface, 

rv  =  the  weight  of  a  unit  of  volume  of  the  material, 
X  =  the  depth  below  the  toj)  of  this  unit  of  surface, 
cos  (p  =  the  angle  of  repose  of  the  material,  or  the  angle  of  the 
top  slope. 
The  pressure  is  parallel  to  the  surface  of  the  material.     Then  the 
total  pressure  on  a  vertical  surface  is 

P  =y -^ —  — --  )  vj  cos  0 

where  do  =  the  depth  of  the  top  of  the  surface,  and 

di  =  the  depth  of  the  bottom  of  the  surface  below  that  point  in 
the  top  surface  of  the  material  directly  over  the  surface. 
The  weight  of  a  cubic  foot  of  coal  was  assumed  at  56  lbs. 
The  pressures  on  the  inclined  side  portions  were  obtained  by  con- 
sidering each  surface  as  composed  of  a  series  of  steps,  and  assuming 
the  pressure  on  the  slope  to  be  the  resultant  of  the  vertical  dead  load 
multiplied  by  cos  0  on  the  horizontal  part   of  each  step,   and  the 
thrust  on  the  vertical  part  as  calculated  by  Rankine's  formula. 
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The  calculated  pressures  on  tlie  vertical  faces  of  these  steps  were 
reduced  when  the  so-called  line  of  maximum  pressiire — that  is,  the 
line  bisecting  the  angle  between  the  vertical  and  the  slope  of  rejiose — 
cuts  beyond  the  crest  of  the  coal  slopes;  that  is,  intersects  the  oppo- 
site receding  slope,  or  that  slope  produced,  first  instead  of  the  rising 
slope,  and  by  the  amount  that  the  part  B  C  (Fig,  7)  of  the  line  between 
the  opposite  receding  slope  at  B  and  the  ascending  slope  at  C  pro- 
duced, bears  to  the  whole  line,  up  to  the  ascending  slope  line  produced, 

or  A  a 

.0 


In  the  bottom  of  the  pocket,  the  two  slopes  of  the  crown  piece 
counteracted  each  other,  and  therefore  it  was  only  necessary  to  make 
the  V-pieces  strong  enough  to  resist  this  pressure,  and  the  main  cross 
girder  only  strong  enough  to  bear  the  vertical  load  and  the  tension 
induced  by  the  side  pressures.  At  the  height  where  the  bottom  of  the 
vertical  portion  meets  the  top  of  the  inclined  part  there  is  a  horizontal 
trussing,  made  strong  enough  to  carry  a  large  portion  of  the  lateral 
thrust  to  the  corners,  and  the  corners  are  made  strong  enough  to  resist 
a  powerful  distorting  force. 
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Across  the  end  of  this  level  there  are  horizontal  trusses  strong  enough 
to  take  the  entire  end  thrust  to  the  corners  and  thence  down  the  sides 
where  it  will  be  taken  up  by  the  frictional  resistance  of  the  coal,  or,  if 
the  i^ocket  is  full,  it  will  be  partiallj  resisted  by  the  opposite  end 
pressure  transmitted  along  the  side  pieces. 

This  was  done  to  provide  against  any  possible  bursting  tendency  of 
a  sudden  settlement,  one-sided  load,  or  other  cause;  even  for  the  remote 
possibility  of  a  slight  earthquake. 

The  strains  on  the  steel,  and  the  loads  on  the  columns  and  brick 
work  were  made  to  agree  with  those  allowed  by  the  Building  Depart- 
ment of  New  York  City  by  the  law  used  in  1898,  before  the  present  law 
went  into  effect. 

Erection  and  Cost. — The  building  excavation  was  sheet-piled  all 
around  because  the  surrounding  material  was  too  soft  to  take  any 
reasonable  slojie  naturally.  The  ground-water  was  easily  kept  down 
with  one  3-in.  and  one  6-in.  pulsometer,  although  to  do  this  it  was 
necessary  to  drive  two  rows  of  sheet  piling  and  puddle  between 
them  where  the  cribs  running  east  and  west  passed  out  from  under  the 
building  to  the  bulkhead.     The  sheet  j)iling  was  3x12  ins. 

For  the  chimney  foundation  a  row  of  10  x  12-in.  tongued  and 
grooved  sticks  was  driven  around  it  in  the  form  of  a  square.  The 
enclosed  space  was  then  excavated  to  the  required  depth.  The  corn- 
ers were  well  braced  and  the  piles  were  driven  from  the  surrounding 
cellar  bottom  by  attaching  to  the  regular  pile  drivers  sticks  corre- 
sponding to  ordinary  derrick  booms,  and  hanging  to  their  ends 
pairs  of  ways  reaching  to  the  bottom  of  the  chimney  excavation.  In 
these  ways  the  hammers  were  moved  and  the  piles  were  driven.  By 
this  method  it  was  possible  to  keejj  several  machines  at  work  on  the 
somewhat  limited  area,  and  the  bother  and  expense  of  lowering  a 
machine  into  the  hole  and  lifting  it  out  again  was  avoided.  The  side- 
walk vault  was  excavated  and  built  after  the  building  was  nearly 
finished.  The  shoring  for  the  earth  outside  was  braced  against  the 
building. 

Much  of  the  iron-work  was  erected  with  house  derricks  and  those 
of  the  ordinary  form,  but  the  engine-house  roof  required  quite  an 
extensive  traveler.  At  one  side  it  was  supported  on  the  tops  of  the 
engiue  foundations  and  at  the  other  it  was  at  first  built  on  high  block- 
ing, and,  after  two  spans  (or  one  bay)  of  the  engine  room  were  ujj,  it 
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Fir;.  1.— Chimney  Excavation  and  Concrete  Foundations 


Fig.  2.— Foundations  of  Engines,  and  Framework  of  Bvilding. 
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was  allowed  to  riiu  ou  that  side  on  the  main-era'ue  girder,  on  account 
of  the  temporary  engine  house  being  in  the  way. 

So  that  the  erection  of  the  engines  might  proceed  before  the 
engine-room  i-oof  proper  was  put  on,  a  temporary  roof  was  suspended 
from  the  trusses  in  the  two  bays  of  the  engine  room  over  engines  Nos. 
1  and  2. 

The  intake  pit  for  the  circulating  water  was  made  by  driving 
10  X  12-in.  tongued  and  grooved  stieks  around  on  its  four  sides  and 
using  these  for  its  walls,  both  supporting  and  retaining. 

The  roof  load  is  distributed  on  these  sheet  jjiles  by  framing  the 
roof  beams  into  a  heavy  beam  running  continuously  along  the  wall. 
The  sheet  piles  are  cut  oif  so  low  that,  while  they  are  not  below  tide- 
water, capillarity  will  keep  them  wet  and  reduce  decay  to  a  minimum. 

To  receive  the  large  engines  and  generators  a  runway  was  built  on 
a  level  with  the  engine-room  floor  from  the  bulkhead  to  an  oisening 
left  in  the  wall;  so  that,  after  a  single  movement  from  the  lighter  to 
the  runway,  by  means  of  a  floating  derrick,  the  jjarts  could  be  rolled 
within  reach  of  the  large  traveling  crane. 

Cracks  in  masonry  seem  to  be  unavoidable,  and  two  small  ones, 
running  from  the  flue  opening  upward  for  a  short  distance,  developed 
in  the  chimney,  immediately  after  it  was  put  in  use.  These  have  not 
increased  in  size,  and  there  have  been  no  settlement  cracks  in  the 
building,  chimney,  or  machinery  foundations. 

The  excavation,  of  which  there  were  about  25  000  cu.  yds.,  cost 
about  SI. 20  per  yard.  About  8  000  piles  were  used.  The  35-ft.  piles 
cost  ^5.50  apiece,  and  the  45-ft.  piles  under  the  chimney  cost  $7.50 
apiece,  driven.  The  concrete  used  was  a  mixture  of  1  part  cement,  2 
parts  sand  and  4  jjarts  broken  stone,  and  cost  $5.00  or  $4.50  per  cubic 
yard,  according  to  whether  American  Portland  or  Rosendale  cement 
was  used.  The  former  was  used  in  the  foundation  concrete  and  the 
latter  above  Elevation  -f  0.  The  chimney,  above  the  elevation  where 
the  brickwork  commences,  cost  $20.50  per  thousand  for  everything, 
including  damjier  ironwork,  cap,  lightning  rods,  etc. 

About  4  000  tons  of  iron  were  used  for  the  building,  including 
architectural  cast-iron  as  well  as  structural  work.  The  total  cost  of 
the  station,  including  machinery,  will  not  be  far  from  $3  000  000. 

The  foundations  were  put  in  during  the  summer  and  fall  of  1897. 
In  1898  a  temporary  engine  house,  shown  in  Fig.  1,  Plate  XXVII,  was 
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built  inside  tlie  proposed  permanent  one,  and  several  boilers  were 
erected  on  the  first  floor  of  the  boiler  house  and  temporarily  closed  in. 
These  gave  an  electric  power  of  1  700  K.-W.  for  about  a  year  before 
the  permanent  plant  was  put  in  operation. 

The  chimney  and  engine  foundations  were  also  put  in  during  1898. 
In  1899  the  building  was  erected,  and  during  that  year  the  plant  was 
l^retty  completely  equipped. 

Engines,  Generators,  Etc. — In  the  engine  room  there  are  eleven 
large  vertical  cross-compoixnd  engines,  each  directly  connected  to  a 
three-phase  alternating  current  generator  in  the  center  between  the 
cylinders.  The  engines  are  piped  so  that  either  cylinder  may  be 
operated  alone,  and  in  that  case  each  is  caisable  of  generating  4  500 
H.-P.,  maximum.  The  engines  are  each  of  4  200  H.-P.  normal,  and 
of  6  600  H.-P.  maximum,  capacity.  Each  generator  has  a  capacity 
of  3  500  K.  -W. ,  and  is  capable  of  carrying  a  50^  overload  for  a  short 
time. 

For  a  medium-sized  cross-compound  engine  it  is  quite  customary 
to  ship  the  shaft,  cranks,  fly-wheel  hub  and  generator  hub  in  one 
assembled  piece.  This  was  deemed  inadvisable  in  this  case,  on  account 
of  the  great  size  and  weight  of  the  i^ieces  and  the  difficulty  of  moving 
them.  The  pieces  were,  accordingly,  shipped  sei^arately,  the  largest 
pieces  being  the  shafts,  which  weighed  about  35  tons.  Each  shaft  and 
the  pieces  jiertaining  to  it  were  assembled  near  their  foundation,  the 
different  parts  being  forced  on  the  shaft  by  means  of  a  hydraulic  press- 
ure of  over  300  tons.* 

The  shaft  is  a  large  hollow  forging  of  37  ins.  maximum  diameter, 
the  hole  being  16  ins.  in  diameter.  The  cranks  are  of  the  style  known 
as  fan-tail,  in  distinction  from  disc  cranks  or  the  ordinary  unbalanced 
cranks. 

The  cylinders  are  46  and  86  ins.  in  diameter,  the  stroke  is  60  ins. 
and  the  number  of  revolutions  is  75  per  minute.  The  fly  wheels  have 
a  rim  speed  of  6  600  ft.  per  minute.  They  are  built  iip;  the  hub,  arms 
and  central  third  of  the  rim  are  of  cast  steel,  and  the  outer  thirds  of 
steel  plates.  The  plates  are  in  thicknesses  of  1  in.,  no  two  joints  come 
opposite,  and  they  are  fastened  to  the  central  part  and  to  each  other 
by  long  2-in.  steel  rivets,  which  were  driven  cold  by  hydraulic  press- 
ure.* The  fly  wheels  are  very  heavy  in  order  to  absorb  quickly  the 
*  A  description  of  this  work  can  be  found  in  Power  for  August,  1899. 
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speed  variations,  for  wUicli  displacement  curves  were  very  carefully 
calculated. 

The  valves  are  of  the  Eeynolds-Corliss  type.  The  valve  chambers 
are  cast  in  the  removable  heads  of  each  cylinder,  and  are  at  the  center, 
a  new  scheme  by  Mr.  Reynolds,  of  the  Allis  Company,  by  which  clear- 
ances in  the  cylinders  are  reduced. 

The  connecting  rods  are  of  the  locomotive  pattern,  that  is,  I-shaped 
instead  of  round,  and  the  bearings  are  water-jacketed,  as  well  as  jiiped 
for  the  oil  supply. 

The  generators  are  of  the  revolving-field  tjpe,  with  fixed  outside 
armatures.  The  revolving  field  has  40  poles,  and  an  alternating  cur- 
rent of  6  600  volts  is  generated.  The  armature  was  shipped  in  two  pieces 
and  the  field  in  several  pieces,  as  follows :  The  hub  or  spider,  the  rim  in 
four  parts,  and  each  pole  jjiece  by  itself.  The  armature  is  of  the  side- 
moving  type,  as  made  by  the  General  Electric  Co.,  and  the  pole  pieces 
may  be  exposed  to  view  without  removing  the  top  half  of  the  armature. 

The  engines  stand  on  the  floor  at  Elevation  -f  29,  and  reach  about 
36  ft.  above  the  floor.  Fig.  1,  Plate  XXVIII,  is  a  view  of  Engine  No. 
1,  during  erection.  Fig.  2,  Plate  XXVIII,  shows  the  interior  of  the 
engine  room,  with  eight  engines  nearly  completed. 

A  sejDarate  feed-water  heater  and  condenser  is  provided  for  each 
engine,  and  is  jilaced  in  the  space  under  the  floor  and  between  the 
engine  foundations.  Each  condenser  has  a  steam  engine  driving  a 
single-cylinder  circulating  water  pump  and  a  two-cylinder  air  pump, 
••  the  cylinders  of  which  are  on  either  side  of  and  are  part  of  the  same 
frame  as  the  circulating  water  cylinder.  The  single  steam  cylinder  is 
directly  over  the  circulating  water  cylinder  in  the  center.  The  exhaust 
steam  from  the  jaumps  is  so  connected  that  it  may  be  turned  into  its 
condenser,  into  the  low-pressure  cylinder  of  its  large  engine  (and  thus 
used  exj)ansively),  or  conducted  back  into  the  boiler  house  to  the 
secondary  feed-water  heaters. 

The  exciters  are  placed  at  the  west  end,  under  the  switch-board 
galleries.  Provision  has  been  made  here  for  steam-driven  exciters  of 
60,  30  and  60  H.-P. ,  respectively.  The  drivers  are  tandem-compound 
high-speed  steam  engines  of  the  "  Ideal  "  make,  and  are  directly  con- 
nected to  small  direct-current  generators.  There  is  also  space  for  an 
exciter  switch-board  and  a  battery  of  three  electrically-driven  exciters, 
each  consisting  of  a  generator  coupled  to  a  motor. 
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The  entire  comj^lement  of  engines  lias  not  yet  been  installed,  nor 
Las  the  third  floor  of  the  boiler  house  been  filled.  The  other  engines 
will  be  needed  if  the  load  of  the  Third  Avenue  Railroad  is  thrown  on 
this  station,  and  the  remainder  of  the  third  tier  of  boilers  will  be 
filled  out  with  the  boilers  from  the  various  small  electric  and  cable- 
driving  stations  about  town,  as  these  stations  are  discontinued. 

The  Boilers. — There  are  87  boilers,  set  in  three  tiers  of  29  each. 
Each  boiler  is  of  about  500  H.-P.,  ordinarily,  or  800  H.-P.,  maximum. 
These  are  known  as  250  H.-P.,  ordinarily,  when  rated  by  the  Phila- 
delphia Centennial  Standard,  or  an  evaporation  of  SO  lbs.  of  water 
for  1  H.-P.  They  are  equipped  with  mechanical  stokers,  coal 
chutes  to  feed  them  with  coal,  and  ash  chutes  to  convey  the  ashes  to 
the  basement.  The  stokers  are  driven  through  jack-shafts  near  the 
tops  of  the  boilers,  and  the  bearings  are  bracketed  out  from  the 
columns. 

Each  line  of  from  6  to  8  boilers  has  two  small  Westinghouse  steam 
^engine  drivers  on  platforms  between  the  batteries,  the  other  spaces 
being  planned  to  be  occupied  by  electric  motors.  The  shafts  are 
propelled  by  means  of  link  belts.  Above  the  boilers  is  the  coal  pocket, 
divided  in  half  by  the  chimney,  and  fed  by  two  link-connected  over- 
lapping bucket  conveyors,  Fig.  8.  TJie  total  capacity  of  the  double 
coal  pocket  is  10  000  tons. 

Cranes. — The  engine  room  is  provided  with  several  cranes.  There 
is  a  large  three-motor  electric  crane  of  110-ft.  span,  built  by  Wm. 
Sellers  &  Co.,  and  capable  of  lifting  and  carrying  30  tons.  An  out- 
board crane  feeds  the  traveler  from  Exterior  Street,  and  has  a  hand 
trolley  of  30  tons  capacity.  A  small  hand-power  crane  of  15  tons 
capacity  runs  under  the  first  switch-board  gallery  cross-wise  of  the 
building.  Another  similar  one  is  located  directly  below  it  for  the 
sub-station.  Provision  is  also  made  for  a  trolley  over  engine  No.  11, 
and  feeding  from  that  to  the  outboard  crane. 

Coal  and  Ash  Conveyors. — Coal  is  unloaded  at  the  wharf  by  a  tower 
with  a  fixed  horizontal  boom,  and  is  transmitted  into  the  pockets  by 
two  bucket  conveyors.  The  buckets  are  24  x  28  ins.,  and  overlap  so 
as  to  be  continuous-loading  without  the  use  of  a  filler.  Sufficient 
vertical  space  is  provided  in  the  tower  for  a  crusher,  if  the  coal  is 
lumpy,  and  for  two  weighing  hojjpers  to  be  used  before  the  coal  is 
emptied  into  the  conveyors.     Each  conveyor  makes  two  vertical  turns 
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of  90°  and  a  horizontal  twist  of  about  30  degrees.     The  length  of  each 
conveyor  is  about  800  ft. 

The  ashes  are  picked  up  from  the  chutes  in  the  basement  and 
transferred  by  small  trucks  on  parallel  tracks,  or  by  two  conveyors, 
to  the  river  end  of  the  building.  Here  they  are  dumped  into  a 
vertical  bucket  conveyor  and  carried  up  to  the  second  story  where 
they  are  again  dumped  and  carried  to  the  ash  pocket  by  the  returning 
coal  conveyor.  The  ash  pocket  is  under  the  coaling  tower,  and  is 
about  25  ft.  wide  and  60  ft.  long.  It  is  high  enough  and  of  sufficient 
V-shape  to  discharge  its  contents  by  four  chutes  into  scows  at  the  dock. 

Each  conveyor  is  driven  by  a  sej^arate  steam  hoisting  engine.  The 
conveyors  are  supported  from  the  coaling  tower  to  the  building  by  a 
steel  bridge  having  a  passageway  between  and  on  either  side  of  the  con- 
veyors. The  vertical  portions  are  encased  in  steel  frames,  and  here 
the  twists  are  made.  The  toi^  horizontal  parts  are  supported  on  the 
boiler  house  trusses. 

Steam  Pijyinrj. — The  maximum  diameter  for  the  mains  of  the  steam 
pipe  system  was  fixed  at  16  ins.  on  account  of  the  difficulty  of  jilacing 
in  position  curved  lengths  of  larger  size.  It  is  also  more  difficult  to 
jjrovide  expansion  for  larger  sizes  and  to  keep  them  tight. 

At  each  end  of  each  floor  in  the  boiler  house  there  is  a  16-in.  looj), 
and  the  loops  at  each  end  are  connected  to  each  other.  Each  boiler 
is  connected  to  the  line  of  pipe  back  of  it.  Each  floor  has  a  connec- 
tion to  each  stand  pipe,  of  which  there  are  as  many  as  there  are  large 
engines,  11  in  all.  These  are  situated  near  the  loops,  in  the  spaces 
between  the  batteries  of  boilers.  From  the  bottom,  and  below  the 
level  of  the  engine-room  floor,  a  connection  runs  across  to  each  engine. 
Before  the  steam  enters  the  high-pressure  cylinder,  it  goes  through  a 
separator.  If  necessary,  steam  can  be  supplied  to  any  engine  from 
any  floor  of  boilers  at  either  end,  although,  of  course,  under  normal  con- 
ditions, steam  will  be  taken  from  the  adjacent  part  of  one  of  the  loops. 

Any  damaged  portion  of  a  steam  pipe  may  be  cut  out  by  means  of 
valves  in  the  boiler  house  without  cutting  out  more  than  one  battery  of 
boilers.  A  leak  or  break  in  the  engine  room  would  of  necessity  cut  out 
one  engine.     There  are  various  small  steam  pipes  for  the  smaller  engines. 

The  pipe  is  all  of  rolled  steel  with  cast-steel  fittings.  The  flanges 
made  of  the  latter  are  in  part  riveted  to  the  pipe  and  in  part  connected 
by  the  Van  Stone  patent. 
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Fig.  2.— The  Engine  Room. 
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Exiiaust  3fains. — Foiar  42-in.  risers  are  provided  for  free  exhaust,  or 
one  for  eacli  three  engines;  and  each  engine  exhaust  is  provided  with  a 
hack-pressure  valve.  In  the  boiler  house  there  are  also  smaller  exhaust 
risers  as  outlets  if  the  exhaust  for  the  feed  pumps  and  auxiliaries  is 
passed  through  the  secondary  heaters.  The  water  condensed  from 
each  large  engine  is  passed  through  into  its  separate  hot  well  where  it 
can  settle,  become  cool  and  have  most  of  its  oily  matter  removed  by  a 
filter  at  one  end.  The  hot  wells  are  large  enough  to  hold  the  water  for 
about  half  a  day,  if  none  is  passed  away  and  wasted. 

Water  and  Gas  Supply. — The  water  supply  is  obtained  from  two 
separate  svstems:  A  main  on  Second  Avenue  supplying  a  section  of  the 
city  further  down  town,  and  a  small  main  siipplying  the  immediate 
locality.  The  former  connection  is  on  Ninety-fifth  Street,  is  12  ins. 
diameter,  and  is  piped  to  four  6-in.  meters.  The  latter  connection  is 
on  Ninety-sixth  Street,  is  6  ins.  diameter,  and  is  piped  to  two  6-in. 
meters.  From  the  meters  the  water  can  go  either  direct  to  the  feed 
pumps  or  to  two  tanks  which  may  be  called  equalizing  tanks,  and  in 
which  the  water  is  received  from  the  various  sources  and  mixed  or 
equalized.  There  is  also  a  12-in.  connection  for  salt  water,  which  may 
be  used  in  the  feed  system  if  other  sources  fail,  or  it  may  be  used  for 
flushing  out  the  basement. 

An  emergency  gas  connection  will  probably  be  made,  so  that,  if  the 
electric  i^ower  is  absolutely  suspended  for  any  reason,  the  building  will 
not  be  without  light. 

Feed-Water. — The  feed-water  system  is  provided  with  three  duplex 
steam-driven  plunger-packed  compound  pumps,  of  horizontal  pattern, 
and  an  alternative  system  consisting  of  a  gang  of  inspirators  capable  of 
elevating  a  portion  of  the  supply  required.  The  pumj^s  have  to  work 
against  a  pressure  of  from  160  to  180  lbs. 

The  feed-water  is  pumped  from  the  equalizing  tanks,  or  the  mains 
direct,  into  long  mains  under  the  first  floor.  From  these  it  passes  into 
one  or  all  of  the  primary  heaters  in  the  engine  room,  or  directly  into 
risers  which  feed  through  loops  into  the  boilers  on  the  various  tiers. 
From  the  primary  heaters  it  keeps  returning  either  to  the  secondary 
heaters  or  to  the  boilers  directly.  If  taken  through  the  secondary 
heaters  it  then  passes  to  the  boilers.  Thus  it  may  take  one  of  the  fol- 
lowing three  courses:  To  the  boilers  dii-ect,  either  at  the  street  tem- 
perature, or  with  that  temperature  modified  by  the  hot  wells;  to  the 
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primary  heaters  and  tlien  to  the  boilers  at  a  temperature  of  about  125<^; 
or,  through  both  the  i^rimary  and  secondary  heaters  and  then  to  the 
boilers  at  a  temiDeratiire  dej^endent  on  the  number  of  secondary 
heaters  installed  and  the  amount  of  exhaust  steam  turned  into  them. 
If  a  maximum  of  four  were  put  in,  the  temperature  would  be  as  high 
as  200°,  or  not  much  below  the  boiling  point. 

Circulating  Water  Piping. — The  circulating  water  system  consists  of 
four  30-in.  suction  mains  and  four  30-in.  discharge  mains.  Each  main 
supplies  three  large  engines.  The  circulating  water  is  drawn  from  a 
basin  or  well  in  the  vacant  space  just  inside  the  bulkhead.  It  is  con- 
nected with  the  river  by  two  42-in.  pipes  laid  through  the  bulkhead. 
The  discharge  mains  go  out  through  the  bulkhead  and  discharge  into 
the  river.  The  water  drawn  in  is  taken  at  a  much  lower  level  than  that 
at  which  the  discharge  is  made.  The  two  masses  of  water  at  the  widely 
different  temperatures  are  exjiected  to  be  kept  apart  suflBciently  by  this 
difference  in  level. 

Oil  System. — New  oil  and  old  oil  from  the  mains  is  received  at  the 
Exterior  Street  end  of  the  building,  near  the  entrance  and  in  the  base- 
ment of  the  engine  room.  Three  dujslex  pumps  are  provided  to  lift 
the  oil  uj)  into  the  oil  room.  There  it  can  be  passed  through  one  or 
two  filters,  or  taken  directly  into  one  of  the  receiving  tanks  in  that 
room.  From  the  oil  room,  at  Elevation  -f-  84,  the  oil  is  piped  to  all 
parts  of  the  large  engines,  and  also  to  most  of  the  small  engines  with 
sufficient  head. 

Sub-Stations. — Electric  sub-stations  have  been  laid  out  and  several 
have  been  installed.  As  soon  as  these  are  finished  and  the  cables  are 
removed,  the  various  cable  and  direct-current  electric  stations  in  the 
city  will  be  gradually  abandoned. 

The  outfit  for  the  sub-stations  consists  of  several  rotary  converters, 
their  transformers  and  a  coiiple  of  blowers  to  keep  the  latter  cool. 

Contractors. — The  main  features  of  the  engineering  work  were  by 
the  following  firms:  Most  of  the  striactural  work  was  done  by  the  New 
Jersey  Steel  and  Iron  Co.,  the  masonry  by  M.  Reid  &  Co.,  the  large 
engines  by  the  E.  P.  Allis  Co.,  the  generators  by  the  General  Electric 
Co.,  and  the  boilers  by  the  Babcock  &  Wilcox  Co. 

Staff. — Much  of  the  small  piping  was  done  by  day's  work  under  the 
direction  of  the  company's  engineers,  and  many  small  bits  of  iron- 
work were  let  to  various  firms  in  the  city.     The  writer  had  general 


Papers.]  MONTONT  ON"  NINETY-SIXTH  STEEET  POWER  STATION.    667 

charge  of  the  plans  in  the  office,  and  made  many  of  the  calculations 
under  the  supervision  of  the  Chief  Draughtsman,  C.  E.  Corbj,  Assoc. 
M.  Am.  Soc.  C.  E.,  and  the  Chief  Engineer,  M.  Ci.  Starrett,  M.  Am. 
8oc.  C.  E.  F.  S.  Pearson,  M.  Am.  Soc.  C.  E.,  was  Chief  Engineer 
when  the  building  was  commenced;  and  afterward  and  up  to  the 
present  time,  Consulting  Engineer. 

Mr.  W.  A.  Low  was  the  Civil  Engineer,  and  Mr.  A.  S.  Mann  the 
Mechanical  Engineer,  at  the  building  site,  in  charge  of  the  work. 

Mr.  A.  V.  Porter  was  the  Architect  of  the  building,  and  Albert 
Carr,  Assoc.  M.  Am.  Soc.  C.  E.,  at  that  time  the  company's  Principal 
Assistant  Engineer,  looked  after  the  foundation  work  for  the  new 
building.  Mr.  W.  A.  Pearson,  Chief  Electrician  for  the  company, 
superintended  the  wiring  and  switch-boards,  and  Mr.  R.  C.  Brown  was 
assistant  to  Mr.  Starrett  during  the  construction  of  part  of  the  work. 
All  the  work  was  done  at  the  office  of  the  company,  except  the  design- 
ing of  the  engines,  generators  and  other  machines.  General  and 
special  features  of  these  were  specified.  A  large  portion  of  the  struct- 
ural iron-work  was  designed  under  the  supervision  of,  and  checked  by, 
J.  T.  N.  Hoyt,  Assoc.  M.  Am.  Soc.  C.  E.,  and  the  remainder,  includ- 
ing the  coal  pocket,  by  the  writer. 

Summari/. — The  station  is  unique  in  the  following  respects,  at  least: 
It  is  the  largest  steam-power  plant  in  the  world,  and  generates 
more  power  per  square  foot  of  ground  surface  than  any  other.  The 
power  generated  is  0.94  H.-P.  per  sqitare  foot  as  an  average,  or  1.47 
H.-P.  as  a  maximum,  for  the  building  only;  or  0.70  H.-P.  per  square 
foot  as  an  average,  or  1.10  H.-P.  as  a  maximum,  for  the  whole  prop- 
erty, down  to  the  river. 

Everything  proceeded  smoothly,  although  somewhat  slowly,  as  is 
frequently  the  case  with  such  a  large  piece  of  work.  Many  of  the 
schemes  adojDted  may  be  criticised,  but  they  were  selected  after  a  care- 
ful consideration  of  all  available  methods.  Expense  has  not  been 
spared.  It  was  the  rule  to  obtain  the  best,  but  as  cheaply  as  pos- 
sible. Considerable  attention  has  been  paid  to  the  interior  and 
exterior  appearance. 

The  writer  is  much  indebted  to  the  company  for  the  use  of  the 
photographs  accompanying  this  paper,  and  to  Mr.  Corby  for  reviewing 
the  same  and  advising  him  of  the  progress  of  the  work. 
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Discussion.* 


By  Messrs.  Desmond  FitzGeeald  and  Chaeles  W.  Shebman. 


Mr. FitzGerakl.  Desmond  FitzGeeald,  Past-President,  Am.  Soc.  C.  E.  (by  letter). — 
The  writer  has  yet  to  see  a  structure  for  conveying  water  which  will 
have  the  same  capacity  after  it  has  been  some  time  in  service  as  it  had 
when  new.  There  may  be  some  material  which  will  not  change  its 
character,  and  upon  which  animal  or  vegetable  life  will  not  grow,  but 
the  writer  has  not  met  with  such  material  in  his  experience.  It  is, 
however,  extremely  dangerous  to  generalize  in  engineering  matters. 
There  are  hardly  two  waters  exactly  alike  in  chemical  composition, 
and  serious  mistakes  may  be  made  by  applying  the  results  of  experi- 
ence from  a  soft  New  England  water  to  a  hard,  lime-carrying  western 
water.  The  writer  has  often  been  informed  that  certain  structures 
for  conveying  water  have  as  large  capacity  at  the  end  of  several  years 
as  they  had  when  new,  but  closer  examination  has  shown  that  the  data 
were  not  sufficiently  accurate  to  settle  the  question. 

The  experiments  made  on  large  pipes,  under  the  direction  of  the 
writer,  have  already  been  referred  to  by  Mr.  Charles  W.  Sherman,  so 

♦Continued  from  May,  1900.  Proceedings.  See  February,  1900,  Proceedings,  for 
paper  by  Charles  D.  Marx,  M.  Am.  Soc.  C.  E.;  Charles  B.  Wing,  Assoc.  M.  Am.  Soc.  C. 
E.,  and  Laander  M.  Hosklns,  C.  E.,  on  this  subject. 
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that  it  is  unnecessary  to  say  much  more  in  regard  to  them,  except  to  Mr.  FitzGerald. 
add  that  the  water  was  measured  carefully  by  weir,  that  the  losses  of 
head  were  ascertained  from  observations  on  extremely  accurate  mer- 
cury gauges,  and  that  proper  corrections  were  made  in  working  out 
the  results. 

The  writer  has  also  made  experiments  on  the  flow  of  water  through 
cement-lined  pipes,  and  has  been  vei-y  much  sui'prised  to  find  that 
there  were  large  frictional  losses,  almost  as  great  as  those  arising 
from  old  cast-iron  pipes,  and  the  only  way  he  can  account  for  this  is 
that  even  cement-lined  i^ipes  do  not  remain  perfectly  clean  for  an 
indefinite  time. 

For  many  years  the  writer  has  had  charge  of  the  Cochituate  and 
Sudbury  Aqueducts  and  of  the  determination  of  their  capacities,  and  he 
has  been  very  much  impressed  with  the  efiect  on  the  flow  of  the  water 
due  to  slimy  growths  on  the  surface  of  the  brickwork.  In  the  case  of 
the  Cochituate  Aqueduct,  if  the  deposits  of  slime  and  dirt  are  allowed 
to  collect  on  the  interior,  they  gradually  give  place  to  growths  of 
SiJongilla,  and  if  these  are  allowed  to  accumulate,  after  a  year  or  two, 
they  become  very  hard,  with  long  finger-like  growths,  which  are 
serious  obstructions  to  the  flow.  With  changes  of  flow,  this  accumu- 
lated dirt  on  the  walls  of  the  aqueduct  affects  the  quality  of  the  water, 
so  that,  aside  from  the  question  of  friction,  there  is  also  the  imi^ortant 
question  of  the  efi'ect  on  the  quality. 

In  tbe  case  of  the  Sudbury  Aqueduct,  it  has  been  found  that,  if 
the  surface  of  the  brick-work  is  not  cleaned,  in  the  course  of  a  year  it 
may  accumulate  suflScient  slime  to  diminish  the  maximum  capacity 
aboxit  10  per  cent.  Some  years  ago  the  writer  devised  a  method  of 
cleaning,  by  a  machine  which  worked  under  a  pressure  of  water.  The 
machine  was  carried  on  wheels  with  wooden  tires,  was  provided  with 
rotary  brushes  for  cleaning  the  sides  and  bottom  of  the  aqueduct,  and 
worked  very  effectively.  A  movable  shield  in  front  held  the  water 
back  so  as  to  give  the  power.  The  machine  was  arranged  to  clean  to 
a  height  of  about  4  ft.  only,  and  since  it  has  become  necessary  to  run 
larger  quantities  of  water  in  the  aqueduct,  the  machine  has  been  taken 
out,  and  the  whole  length  is  now  cleaned  by  hand.  This  is  accom- 
plished by  a  number  of  gangs  of  men,  provided  with  rubber  boots, 
stable  and  rattan  brooms,  and  reflectors.  It  takes  about  nineteen 
men  to  clean  a  mile  of  aqueduct  in  a  day. 

Current  meter  observations  have  been  taken  on  the  flow  in  the 
Sudbury  Aqueduct,  and  the  results  have  been  extremely  accurate 
and  satisfactory.  On  April  4th,  1899,  with  a  flow  of  74  000  000  galls. 
daily,  the  cajDacity  of  the  aqueduct  was  only  92.58%"  of  the  tabulated 
capacity,  and  after  cleaning  on  May  29th,  at  which  time  95  OOO  000 
galls,  per  day  were  flowing,  the  caj^acity  was  103.95%  of  the  tabulated 
capacity.     It  is  possible  that,  where  an  aqueduct  has  been  for  a  long 
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Mr.  FitzGerald.  time  in  use  without  cleaning,  this  decrease  in  carrying  capacity  may 
be  found  to  be  even  greater  than  10  per  cent.  The  writer  believes 
that  the  facts  just  cited  are  sufficient  to  demonstrate  the  commercial 
advantages,  under  some  conditions,  of  keeping  an  aqueduct  clean,  as, 
for  instance,  when  its  inll  capacity  is  liable  to  be  taxed. 

Mr.  Kuichling  states  that  vegetable  and  animal  growths  are  not 
often  found  on  the  bottoms  of  pipes,  and  this  agrees  with  the  observa- 
tions of  the  writer,  but  the  latter  has  seen  the  invert  of  the  Sudbury 
Aqueduct  almost  completely  covered  with  a  thick  growth  of  sponge. 
.  Mr.  Meem  has  stated  that  "This  doubtless  shows  that  organisms 

require  more,  as  Mr.  Whipple  suggests,  than  that  their  food  be 
brought  to  them,  and  they  must  also  have  a  '  lodging  place,'  which  is 
probably  furnished  in  the  steel  and  iron  pij^es  by  the  commencement 
of  rust."  In  connectioc^with  this  matter,  the  writer  desires  to  state, 
that  the  growths  all  around  the  interior  of  the  new  cast-iron  pijjes 
already  alluded  to,  were  in  the  nature  of  a  greasy  scum,  and,  that 
when  this  was  washed  off,  the  coating  of  the  pipe  underneath  was  as 
bright  as  when  first  laid. 

The  writer  recently  had  occasion  to  lay  a  cast-iron  pipe  having  a 
diameter  of  61 J  ins.,  and  1  800  ft.  in  length,  as  an  inverted  siphon. 
The  reason  for  using  this  odd  size  was  that  it  was  found  more  econom- 
ical to  use  the  outside  moulds  already  prepared  for  making  a  thick 
5-ft.  pipe,  and  to  produce  the  thinner  pipe,  desired  for  the  light 
pressures  at  the  siphon,  by  increasing  the  size  of  the  core.  Every 
effort  was  made  to  lay  this  pipe  with  great  care  and  to  make  very 
tight  joints.  Under  careful  test  the  leakage  was  found  to  average 
only  12  galls,  per  day  for  the  whole  length  of  the  pipe,  or  0.005  gall. 
per  day  per  foot  of  joint.  The  interior  portions  of  the  joints  were 
filled  with  Portland  cement  flush  with  the  pipe  and  finished  very 
smooth.  The  jiipe  was  also  given  an  extra  jjainting.  In  this  connec- 
tion, it  may  be  interesting  to  note  that  the  average  leakage  per  day 
per  foot  of  joint  from  the  48-in.  distribution  pipes  recently  laid  by 
the  Metropolitan  Water-Works  was  about  5  galls,  jser  day  per  foot  of 
joint. 

The  results  of  some  experiments  made  to  determine  the  carrying 
capacity  of  this  siphon  pipe  gave  a  value  of  "c"  in  the  Chezy  formula 
of  149.6  for  a  velocity  of  4.65  ft.  j^er  second  and  154.3  for  a  velocity  of 
6.51  ft.  per  second.  The  writer  believes  that  this  coefficient,  154.8,  is 
the  highest  ever  recorded  for  cast-iron  pipe,  but  there  is  no  doubt  in 
his  mind  that  in  the  course  of  about  twenty  years  this  will  be  reduced 
by  tuberculation  to  100. 
Mr.  Sherman.  Chaeles  W.  Shekman,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter).— 
The  writer  is  very  glad  that  Professor  Williams  has  drawn  attention 
to  the  necessity  for  some  critei-ion  other  than  the  reputation  of  the 
experimenter,  and  the  apparent  accuracy  as  indicated  by  the  method 
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of  least  squares,  to  give  some  indication  of  the  reliability  of  exjieri-  Mr.  Sherman. 
ments.  The  method  used  by  Professor  Williams  and  Mr.  Fenkell  is, 
doubtless,  of  great  value,  as  indicating  what  experiments  of  any  series 
should  be  rejected.  It  involves,  however,  both  a  needless  assumja- 
tion  and  an  unnecessary  amount  of  work  in  its  application.  If  the 
logarithms  of  the  velocities  be  plotted  as  abscissas,  with  the  logarithms 
of  losses  of  head  as  ordinates,  a  straight  line  can  then  be  drawn  to 
represent  the  plotted  points,  without  the  laborious  computation  of,  or 

even  the  necessity  of  taking  from  a  diagram,  the  values  of  -^r— ,  or  the 

"velocity  head."  By  the  use  of  logarithmic  cross-section  paper,  this 
plotting  can  be  done  with  great  rapidity. 

An  especial  advantage  of  this  method  is  that  it  does  not  require  the 
assumption  that  the  loss  of  head  varies  as  the  square  of  the  velocity: 
It  is  assumed  only  that  this  loss  varies  as  some  unknown  power  of 
the  velocity.  The  criterion,  that  is,  the  comparison  of  plotted  points 
with  the  hne  representing  the  series,  is  similar  to  that  proposed  by 
Professor  WiUiams. 

This  apijlication  of  the  logarithmic  diagram  is  not  new.  As  far  as 
the  writer  knows,  it  was  first  introduced  to  this  Society  by  Desmond 
FitzGerakl,  M.  Am.  Soc.  C.  E.,  in  his  paper  on  "Flow  of  Water  in 
48- In.  Pij^es.  "*  Mr.  FitzGerakl  refers  to  a  paper  before  the  Royal 
Society  for  the  origin  of  this  method.  To  be  sure,  it  is  not  there  noted 
particularly  that  this  furnishes  a  criterion  for  the  acceptance  or  rejec- 
tion of  particular  exi^eriments  in  a  series,  as  the  method  is  used  in 
the  derivation  of  an  exponential  formula.  The  advantage  of  the 
logarithmic  diagram  over  that  obtained  by  plotting  "velocity  heads  " 
can,  perhaps,  be  expressed  no  better  than  in  Mr.  FitzGerald's  words, 
"Resistances  do  not  vary  exactly  as  the  square  of  the  velocity,  however 
much  the  text  books  may  insist  to  the  contrary." 

*  Transactions^  Am.  Soc.  C.  E.,  Vol.  xxxv,  p.  341. 
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Mr.  Kuichling.  E.  KincHLiNG,  M.  Am.  Soc.  C.  E. — This  paper  may  fairly  be 
regarded  as  a  useful  contribution  to  the  literature  of  hydraulics,  as 
it  gives  us  a  translation  of  Bazin's  summary  of  his  recent  experiments 
on  the  flow  of  water  over  weirs  and  dams  of  various  section,  along 
with  data  obtained  at  the  Hydraulic  Laboratory  of  Cornell  University 
relating  to  the  flow  over  a  number  of  dams,  of  both  larger  and  differ- 
ent section  from  those  used  by  Bazin,  and  under  much  greater  heads. 
The  method  of  conducting  the  exi3eriments  at  said  laboratory  appears 
to  have  been  similar  in  general  to  that  Avhich  was  followed  by  Bazin, 
excejit  that  no  direct  volumetric  determinations  of  the  discharge  were 
made,  as  no  facilities  for  this  piirjiose  are  yet  available  there.  On  this 
account  the  calibration  of  the  large  standard  reference  weir  could  be 
done  only  by  assuming  the  accuracy  of  some  one  of  the  various  exist- 
ing weir  formulas  ;  and,  as  Bazin's  formula  was  not  only  the  most 
recent  one,  but  also  jjurijorted  to  consider  fully  the  influence  of  the 
height  p  of  the  standard  weir  above  the  bottom  of  the  channel  of 
approach,  it  was  accordingly  selected  by  the  author  as  best  represent- 
ing the  law  of  discharge. 

Owing  to  the  various  algebraic  errors  in  the  paper  as  originally 
submitted,  it  becomes  jaroper  to  state  here  that  the  correct  form  of 

*  Continued  from  May.  1900,  Proceedings.    See  March,  1900,  Proceedings,  for  paper 
by  George  W.  Rafter,  M.  Am.  Soc.  C.  E.,  on  this  subject. 
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Bazin's  preferred  formula,  adapted  to  measures  in  English  feet,  for  the  Mr.  Kuichling. 
flow  over  a  sharp-crested   vertical  weir  Avith   end   contractions   sup- 
pressed, is  : 

Q  =z  m  I  h  '[Z  2  <7  h,  whei-e  the  coefficient 

and  h  is  the  observed  head  or  depth  of  the  water  above  the  crest, 
measured  at  a  distance  of  5  m.,  or  16.4  ft.,  above  the  weir,  while  p  is 
the  height  of  the  horizontal  weir  crest  above  the  bottom  of  the 
channel,  and  I  is  the  length  of  said  crest  or  the  width  of  the 
channel  of  apiJroach,  which  is  assumed  to  be  of  uniform  section,  with 
vertical  sides  and  horizontal  bottom.  An  apjjaratus  of  this  description 
is  called  a  standard  weir  when  provision  is  made  for  the  free  admission 
of  air  under  the  falling  sheet  of  water. 

It  should  also  be  remembered  that  this  formula  was  established 
from  comparative  experiments  with  standard  weirs  of  different  length 
and  height,  within  a  rather  limited  range  and  with  comparatively  low 
heads.  Bazin's  largest  weir  was  only  6.56  ft.  long  and  3.72  ft.  high, 
on  which  a  maximiim  head  of  about  1.0  ft.  was  used,  on  account  of 
restricted  volumetric  capacity.  For  heads  from  1.00  to  1.32  ft.  it  was 
necessary  for  him  to  reduce  the  length  of  this  weir  one-half,  or  to 
3.28  ft.;  and  for  heads  from  1.32  to  1.77  ft.,  the  latter  length  was 
again  reduced  one-half,  or  to  1.64  ft.,  while  the  height  was  reduced  to 
3.30  ft.  In  reference  to  the  experiments  made  with  the  last-mentioned 
weir,  Bazin  states  that  as  it  was  jjossible  for  the  retardation  by  friction 
against  the  side  walls  to  become  appreciable  in  so  small  a  weir  or 
channel,  the  observations  made  thei*ewith  were  used  by  him  only  to 
deduce  the  law  of  increase  of  the  coefficient  m  for  heads  greater  than 
1.32  ft.,  whereas  the  more  numerous  and  jjrecise  results  furnished  by 
the  two  longer  weirs  served  as  the  basis  for  determining  the  discharge 
of  the  standard  weir.  The  computed  values  of  the  coefficient  m  for 
said  longer  weii's  under  the  same  heads  iip  to  1.00  ft.  were  found  to 
agree  quite  closely,  whence  Bazin  inferred  that  for  moderate  values 

of  7i  the  law  of  the  discharge  q  =z  -^  per  iinit  of  length  of  the  weir 

was  not  materially  affected  by  the  length  U  ^ro^ified.  that  the  same 
was  more  than  3.0  ft.,  and  that  the  curve  obtained  by  plotting  the 
values  of  m  as  ordinates  to  the  corresponding  values  of  h  as  abscissas 
could  fairly  be  extended  from  h  =  1.00  ft.  to  h  =  2.0  ft.,  governed 
somewhat  in  shape  by  the  curve  for  m  given  by  the  shortest  weir. 

Furthermore,  to  find  the  effect  of  varying  the  height  p  oi  a. 
standard  weir,  Bazin  next  compared  the  heads  h  for  known  dis- 
charges Q  over  his  longest  weir,  having  I  =  6.56  ft.  and  ;?  =  3.72  ft., 
with  those  which  were  observed  for  the  same  discharges  over  four 
secondary  standard  weirs  of  the  same  length  I,  but  having  heights  of 
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Mr. Kuiehling.  2.46,  1.64,  1.15  and  0.78  ft.;  and  lie  also  computed  and  plotted  the 
values  of  m  for  each  series  of  experiments  corresijonding  to  the 
diflferent  values  of  h.  The  latter,  however,  did  not  exceed  h  =1.48 
ft.  on  the  standard  reference  weir  having  p  =  3. 72  ft.  Within  these 
limits  of  head  and  height,  and  the  same  length  /,  it  was  found  that 
the  values  of  the  coefficient  m  derived  from  exi^eriment  did  not  vary 
more  than  \%  from  those  given  by  the  aforesaid  expression  : 

excei^t  in  the  case  of  the  lowest  weir,  were  the  value  of  m  for  small 
heads  given  by  the  formula  is  about  1%  more  than  found  by  experi- 
ment, although  such  excess  gradually  reduces  to  zero  as  the  head  h 
increases  to  1.30  ft. 

Such  is  the  foundation  of  Bazin's  formula  for  the  discharge  over 
standard  weirs  with  suppressed  end  contractions  and  heads  h 
measured  16.4  ft.  above  the  crest,  and  the  question  now  arises 
whether  it  can  be  applied  without  material  error,  either  to  the  large 
standard  weir  at  the  Hydraulic  Laboratory  of  Cornell  University,  where 
the  length  /  =16.0  ft.,  the  height  p  =  13.13  ft.,  and  the  heads  h, 
up  to  a  maximum  of  3.0  ft.,  were  measured  10  ft.  above  the  crest,  or  to 
the  author's  secondary  standard  weir  at  the  same  place,  where  the 
length  /  =  6.53  ft.,  the  height  p  =  5.26  ft.,  and  the  heads  h,  up  to  a 
maximum  of  4.874  ft.,  were  measured  37  ft.  above  the  crest. 

In  the  absence  of  direct  experimental  evidence,  little  further  can  be 
said  on  this  subject  except  to  quote  the  remark  of  the  late  Hamilton 
Smith,  Jr. ,  M.  Am.  Soc.  C.  E. ,  made  on  page  169  of  his  classic  treatise 
on  hydraulics,  in  concluding  his  comparison  of  the  values  of  the  coef- 
ficient of  discharge  for  weirs  of  different  length  and  large  heads,  that 
' '  such  speculations,  though  possibly  ingenious  and  plausible,  when 
tested  with  facts,  generally  prove  to  be  very  wide  of  the  truth." 
While  this  remark  was  intended  to  apply  to  cases  far  beyond  the 
limits  of  accurate  experiment,  it  is,  nevertheless,  also  pertinent  in 
some  degree  where  such  limits  have  been  considerably  exceeded,  as  in 
the  present  case;  and  hence  it  will  be  prudent  to  suspend  judgment 
about  the  accuracy  of  the  large  discharges  until  the  figures  are 
properly  corroborated.  Under  these  circumstances,  accordingly  it, 
ai^pears  admissible  to  indulge  in  a  little  speculation  about  Bazin's 
formula  for  the  c-oeiiicient  m. 

In  this  formula  both  the  observed  head  h,  and  the  height  i)  of 
the  weir  above  the  bottom  of  the  uniform  channel  of  approach  are 
taken  into  account,  but  the  width  of  the  channel  or  the  length  I  of 
the  weir  is  omitted  for  the  reason  already  given.  Now,  while  the 
retardation  of  the  fiow  by  friction  on  the  sides  of  the  channel  in  the 
vicinity  of  the  weir  may  be  negligible  in  the  case  of  long  weirs  and  small 
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heads,    or  up   to   a  certain  limiting  ratio  ~j-,  it  is  evident  from  ob-  '      °^' 

servations  of  the  relative  velocities  of  thick  sheets  of  water  that 
beyond  such  limit  this  lateral  friction  cannot  be  disregarded;  and 
hence  a  rational  formula  of  general  apiDlicability  should  make  the  value 
of  the  coefficient  m  dependent  also  upon  the  channel  width  or  weir 
length  /,  thereby  allowing  the  formula  for  the  discharge  over  a 
standard  weir  to  pass  gradually  with  reducing  value  of  the  height  p 
into  that  for  a  uniform  channel.  This  condition  is  not  embraced  in 
Bazin's  formula,  as  will  be  seen  from  the  following  consideration. 

When  the  height  p  becomes  very  small  relatively  to  the  head  li, 
or  disappears  entirely,  the  above  formula  for  m  becomes  practically 

m  =  1.55  (0.405  +  -^— ^ J  =  «  -(-  -y-,  while  that  for  the  discharge 

q  becomes:    Q  =  m  I  h  y^Jli  =  \/2g(^a  + -^  )//?-/ ^which  should 

obviously  correspond  with  the  formula  for  the  flow  in  a  uniform  open 
channel.  Taking  for  comparison  in  this  case  the  Chezy  formula 
on  account  of  its  simplicity,  we  will  have  for  the  same  discharge: 
Q  =  A  V  =  A  c  ^r  s;  and  by  replacing  the  section  A  by  its  equiva- 
lent /  7i  in  the  nomenclature  of  the  weir  formula,   and  the  hydraulic 

radius  r  by  its  equivalent  t^^q-T)  there  follows : 


l  +  lh 

By  equating  these  two  values  of  Q,  which  are  manifestly  alike,  we 
obtain:  \/2  g  (a  +  "7~)=^>.  j  j  \  o  j'  which  is  an  entirely  incongru- 
ous result,  being  true  only  for  particiilar  values  of  I,  h  and  s  when  the 
value  of  c  is  given.  The  inference  is,  therefore,  justifiable  that  Bazin's 
formula  can  only  give  correct  results  in  the  neighborhood  of  the 
experimental  limits  from  which  it  was  derived,  and  that  discordant 
results  will  probably  be  found  if  it  is  applied  to  conditions  consider- 
ably beyond  said  hmits. 

It  may  also  be  mentioned  that  Bazin's  expression  for  in  attains  a 
minimum  value  for  a  particular  value  of  h  with  each  value  of  p. 
By  applying  the  usual  mathematical  ijrocess  for  naaxima  and  minima 
to  said  expression  it  will  be  found  that  for  Bazin's  standard  weir  with 
p  =  3.723  ft.,  m  will  become  a  minimum  =  0.4245  for  1i  =  0.814  ft.; 
for  the  author's  experimental  standard  weir  at  Cornell  University, 
with  p  =  5.26  ft.  m  will  become  a  minimum  =  0.4207  for  h  =  1.003 
ft. ;  and  for  the  large  standard  weir  at  the  same  place  m  will  become 
a  minimum  =  0.4137  for  h  =  1.765  ft.  On  comi^aring  these  latter 
values  of  m,  as  well  as  a  few  other  computed  values  of  m  for  h  = 
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Mr.  Kuichling.  1.0,  2.0  and  3.0  ft.,  with  those  given  ty  the  author  on  Fig.  2,  a  con- 
siderable disagreement  will  be  noticed,  whence  a  mamerical  error  has 
probably  been  made  in  the  author's  computations.  The  text  also 
indicates  that  the  said  values  of  m  on  page  295  refer  to  the  experi- 
mental standard  weir  with  I  =  6.53  ft.  and  h  =  5.26  ft. :  but  on  exam- 
ining the  diagram  of  discharge  of  the  large  standard  weir  with  I  =  16.00 
ft.   and  p  =  13.13  ft.,  on  page  301,  it  will  be  found  that  the  same 

values  of  in,  or  — y—  ,  were  used  as  given  on  page  295  for  the  smaller 

weir;  and  if  such  be  the  case  another  slight  error  has  been  made  in  the 
paper.  The  discrepancies  in  the  values  of  m  just  mentioned  are 
exhibited  in  Table  No.  9. 

TABLE  No.  9. 


For  observed  heads  on  weir  of  : 

71  = 

1.00 

2.00 

3.00  ft. 

1.    Author's    vahies    of   coefflclent    m   for  the 
experimental  standard  weir  6.56  ft  long  and 

VI  — 

m  = 
m  = 
»i  = 

0.4174 
0.4207 

0.4232 

0.4160 

0.4106 
0.4270 

0.4252 

0.4139 

0.4094 

2.    Values  of  m  computed  by  wi-iter  from  Bazin's 

0.4379 

3.    Values  of  m  deduced  by  writer  from  Bazin's 
table  in  Annales  des  Fonts  et  Chauss6es, 
1888,  page  446,  for  a  standard  weir  1.60  m.,  or 
5  26  ft  high,  are 

Beyond 
limit  of 

4.    Values    of    m    computed    by    writer   from 
Bazin's  formula  with  j>  —  13.13  ft.,  corre- 
sponding to  large  standard  weir  at  Cornell 
University  Laboratory,  are 

Table. 
0.4160 

The  use  of  the  author's  experimental  sharj^-crested  weir,  6.53  ft. 
long  and  5.26  ft.  high,  has  not  been  made  clear  in  the  text.  Aj^parently, 
it  was  built  for  the  purpose  of  calibrating  the  large  standard  weir, 
16.00  ft.  long  and  13.13  ft.  high,  but  as  the  author  states  explicitly  on 
jjage  296  that  "for  the  reduction  of  Experiments  Nos.  20  and  21 
(referring  to  said  two  weirs)  a  discharge  curve  was  computed  for  the 
upper  (large)  weir  for  heads  up  to  1.97  ft.,  using  Bazin's  formula,"  it  is 
not  easy  to  discover  its  significance  unless  to  find  therefrom  the  com- 
parative values  of  m  for  large  heads  measured  at  a  distance  of  37  ft. 
above  its  crest.  In  this  event  the  experimental  data  would  have  been  of 
much  interest,  as  they  would  have  established  in  some  degree  the  truth 
or  error  of  Bazin's  formula  when  applied  to  high  heads,  and  it  is  to  be 
hoped  that  the  author  will  supplement  his  pajjer  with  such  data. 

Another  point  of  interest  is  the  matter  of  the  proper  distance  above 
the  weir  or  dam  at  which  the  head  h  should  be  measured,  as  well  as 
the  details  of  such  measurement;  but  as  this  part  of  the  subject  has  been 
fully  considered  in  the  discussion  by  Gardner  S.  Williams,  M.  Am. 
Soc.  C.  E.,  further  reference  thereto  may  here  be  omitted. 
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E.  A.  FuERTES,  M.  Am.  Soc.  C.  E. — The  remarks  of  Mr.  "Williams,  m.  Fuertes. 
upon  the  lack  of  methods  for  performing  volumetric  measurements  at 
the  Hydraulic  Laboratory  of  Cornell  University,  are  pertinent  and 
justifiable;  but  it  must  be  borne  in  mind  that  the  laboratory  is  as  ^et 
unfinished.  There  are,  indeed,  methods  available,  on  the  spot,  for 
more  or  less  accurate  and  direct  volume  measurements,  but  not  of  the 
nature  intended  to  be  made  in  the  future,  and  for  which,  fortunately, 
topographical  conditions  lend  themselves  admirably  to  measure  almost 
any  desired  volume  of  water.  So  far,  this  laboratory  is  a  huge 
engine,  with  possibilities.  Its  final  suitableness  is  a  question  of  time 
and  money.  The  speaker  wishes  to  impress  upon  engineers  the  fact 
that  such  a  laboratory  exists;  that  its  resources  can  be  extended  un- 
limitedly,  and  that  one  of  the  methods  which  will  bring  us  quickly  to 
the  desirable  conditions  of  which  Mr.  Kuichling  speaks  is  to  enlist  the 
good  offices,  the  good-will  and  the  aid  of  the  hydraulicians  of  this 
country  to  send  us  problems  to  solve,  either  under  our  own  direction 
or  under  the  direction  of  such  visiting  engineers  as  may  desire  to 
superintend  the  work. 

It  seems  advisable  to  say,  however,  that  while  Cornell  University 
will  do  everything  that  may  be  possible  with  its  personnel,  equipment 
and  other  facilities  for  the  progress  of  hydraulic  science,  it  seems 
reasonable  that  such  expense  as  may  be  necessary  and  may  not  be 
covered  by  the  facilities  of  the  laboratory  at  the  time  should  be 
defrayed  by  the  party  seeking  information.  Nothing  will  be  stinted 
on  the  i^art  of  Cornell  University. 

EoBEKT  E.  HoKTON,  Esq.  (by  letter). — The  results  of  the  Cornell  ex-  Mr.  Horton. 
periments  and  those  of  Bazin  emphasize  primarily  the  necessity  of 
iising  a  variable  coefficient  in  the  weir  formula,  whenever  the  flow  over 
an  irregular-crested  dam  is  to  be  computed.  To  facilitate  calculations 
of  this  character,  and  thereby  make  the  results  of  these  experiments 
more  readily  ajjplicable  in  practice,  the  accompanying  diagram, 
Plate  XXIX,  has  been  prepared.  Having  selected  the  value  of  the 
coefficient  C,  required  for  the  given  head  and  section,  its  value  is 
scaled  ofi'  on  the  line  of  ordinates  at  the  left  of  the  diagram  and 
traced  horizontally  to  its  intersection  with  the  transversal  corre- 
sponding to  the  head  required;  the  projection  of  this  point  of  inter- 
section on  the  line  of  abscissas  will  show  the  flow  over  the  dam  in 
cubic  feet  per  second  for  one  lineal  foot  of  crest,  without  lateral  con- 
tractions. 

The  chief  distinction  between  the  experiments,  made  at  Cornell 
University  and  those  of  previous  experimenters,  including  Bazin,  lies 
in  the  fact  that  the  former  were  made  on  "  life  size  "  dams,  as  it  were, 
and  extended  through  a  much  wider  range  of  heads.  This  is  illustrated 
by  Table  No.  10,  which  shows  the  superior  limit  of  various  experi- 
ments on  flow  over  sharp-crested  weirs. 
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Mr.  Horton.  TABLE  No.   10. 


Name  of  experimenter. 

Date. 

Limiting   head 
used    in    ex- 
periments, in 
feet. 

Length  of   crest 
of  experimental 
weir,  in  feet. 

Distance  up  stream 
from  weir  to  point 
of  measuring    H, 
in  feet. 

Poncelet  and  Lesbros. . 
Lesbros... 

1838 

WU 

1852 

1874-76 

1878 

1886 

1899 

0.682 

0.8009 

1.62 

1.7337 

1.6038 

1.77 

4.672 

0.66 
0.6562 
9.995 
2.586 
19 

6.56 
6.56 

11.48 
11.48 

Francis 

Hamilton  Smith,  Jr . . . 

Fteley  and  Stearns 

Bazin 

Cornell  experiments. . . 

6.00 

7.6 

6.0 

16.40 

38.0 

Owing  to  the  limitations  pointed  out  by  the  author,  the  Cornell  ex- 
periments were  less  elaborate  as  regards  minuteness  of  detail  than  were 
those  of  Bazin ;  as  a  rule,  only  four  or  five  experimental  coefficients 
were  determined  as  a  basis  for  plotting  the  mean  coefficient  curves. 
Bazin  usually  obtained  twenty  or  more  experimental  coefficients, 
within  a  much  narrower  range  of  variation  of  head.  The  advantage  of 
repeating  the  experiments  for  small  increments  of  head  will  not  be  as 
great,  however,  as  might  at  first  be  imagined,  in  cases  where  the 
species  of  nappe  does  not  change.  In  accordance  with  a  well-known 
law  of  Least  Squares,  the  jirecision  of  the  mean  coefficient  curve  will 
be  proportional  to  the  square  root  of  the  number  of  observations  it 
represents.  Quadrupling  the  number  for  each  section  would  result  in 
dividing  the  numerical  factor  for  precision  by  two;  moreover,  the 
coefficient  for  each  period  in  the  Cornell  University  experiments  is  de- 
duced from  the  mean  of  a  relatively  large  number  of  observed  heads  on 
the  weirs.  This  number,  being  more  than  twenty  in  each  case,  is  so 
great  that  any  moderate  increase  in  the  number  would  not  have 
resulted  in  a  proportional  gam  in  precision.  An  examination  of  the 
coefficient  curves  will  show  that,  as  regards  the  individual  coefficients, 
they  appear  no  more  discordant  when  plotted  than  do  those  of  Bazin. 

In  the  design  of  dams  with  depths  sometimes  as  great  as  12  ft.  on 
their  crests,  there  is  a  pressing  need  for  data  which  will  apply  with 
a  reasonable  degree  of  accuracy.  It  is  to  be  hoped  that  the  Cornell 
experiments  may  be  extended  by  the  determination  of  additional 
coefficients  for  intermediate  heads,  and  by  experiments  on  a  wider 
variety  of  dam  sections  than  was  possible  at  the  time  these  experi- 
ments were  made.  Hitherto,  engineers  have  generally  accepted  the 
standard  sharp-crested  weir  as  being  the  most  reliable  means  of  measur- 
ing relatively  small  volumes  of  flowing  water.  A  free  nappe,  which  is 
neither  depressed,  adherent,  nor  wetted  underneath,  represents  the 
ideal  condition,  and  might  be  termed  a  "  Standard  Nappe."  This 
condition,  as  has  been  pointed  out  by  Bazin,  is  very  difficult  of  attain- 
ment.    Most  of  the  modifications  to  which  the  nappe  is  subjected 
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VALUE  OF  THE  COEFFICIENT,  m,  IN  BAZIN'S  FORMULA;  0  = 
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680  DISCUSSION   ON"   FLOW   OF   WATER   OVER   DAMS.       [Papers. 

Mr.  Horton.  under  different  conditions  are  phenomena  belonging  to  comparatively 
low  heads  ;  for  many,  if  not  all,  forms  of  weir  sections,  the  nappe 
undergoes  these  various  metamorphoses  with  heads  not  exceeding  from 
1  to  2  ft.,  and  then  settles  down  to  a  stable  form  which  is  retained  for 
all  higher  heads.  These  facts  point  to  the  conclusion  that  weirs  or 
dams  are  best  adapted  for  the  measurement  of  large  streams  of  water 
forming  depths  of  several  feet  on  their  crests. 

Francis  did  not  experiment  with  depths  of  flow  exceeding  1.6  ft., 
although  he  computed  discharge  tables,  by  means  of  his  formula,  for 
heads  up  to  3  ft.,  and,  as  pointed  out  by  the  author,  the  constant 
coefficient,  3.33,  has  commonly  been  applied  for  all  heads,  however 
great.  The  formula  of  Bazin  furnishes,  perhaps,  the  most  reliable 
means  of  determining  the  flow  over  low  weirs  with  slight  heads,  and, 
in  reducing  the  Cornell  experiments,  it  has  been  used  as  a  basis  for 
determining  the  flow  over  the  standard  sharp-crested  weir.  Referring 
to  Fig.  2,  it  will  be  seen  that,  for  heads  from  1  to  6  ft.,  the  discharge 
coefficients  dediiced  from  the  Cornell  experiments  Nos.  20  and  21,  for 
a  standard  sharp-crested  weir,  remain  nearly  constant,  varying  only 
between  the  limits  3.350  and  3.284.  The  average  value  is  3.306,  or 
0.7%  less  than  the  constant  value  3.33,  assumed  by  Francis,  from  a 
series  of  experimental  coefficients  varying  from  3.31  to  3.35.  Francis' 
formula,  therefore,  is  practically  verified  for  heads  up  to  the  limit  of 
the  Cornell  experiments,  and  its  reasonable  use,  for  any  ordinary  head 
on  a  sharp-crested  weir,  appears  to  be  justified. 

It  is  gi-eatly  to  be  regretted  that  Bazin's  experiments  were  not  con- 
ducted on  such  a  scale  as  to  make  his  coefficients  legitimately  api^lic- 
able  to  American  mill-dams.  This  they  certainly  are  not,  and,  while 
they  may  serve  a  useful  purpose  in  measuring  the  flow  of  water  in 
small  modules,  as  in  the  partition  of  streams  for  irrigation  purposes 
in  the  Western  States,  yet  their  chief  interest  to  American  engineers 
lies  in  the  large  number  of  facts  which  Bazin  brought  conspicuously 
before  our  attention,  regarding  the  physical  phenomena  accompanying 
flow  over  weirs.  The  value  of  these  results,  qualitatively  rather  than 
quantitatively,  can  hardly  be  overestimated. 

In  this  connection,  one  or  two  points  may  perhaps  be  brought  out 
more  strongly  than  has  been  done  by  Bazin  in  publishing  his  original 
researches.  In  order  to  show  the  effect  of  aj^rons  of  varying  batter  or 
slope,  on  the  discharge  coefficient,  Bazin's  Series,  Nos.  136,  137,  141 
and  142  have  been  selected.  The  experimental  coefficients  for  each 
series  have  been  plotted,  and  curves  have  been  drawn,  intended  to 
fairly  represent  the  experiments,  as  shown  in  Fig.  23.  In  each  of  these 
experiments  the  nappe  appears  to  have  adhered  to  the  crest  through- 
out all  but  the  very  lowest  heads,  for  which  there  may  have  been  a 
partial  vacuum  underneath  the  nappe,  jjroducing  the  short  turn  in 
the  base  of  the  first  and  second  coefficient  curves.      In  each  case  the 
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VALUE  OF  THE  COEFFICIENT  m,  IN  BAZIN'S  FORMULA:  Q=mLU\ 
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682  DISCUSSIOlSr   ON"   flow   of  water   over   dams.        [Papers. 

Mr.  Horton.  coefficients  increased  gradually  with  the  head,  indicating  that  the 
effect  of  the  friction  of  the  long  flat  apron  diminished  in  proportion 
as  the  head  increased.  This  illustrates  a  general  statement  which 
may  be  made  that,  as  the  head  increases,  the  influence  of  peculiarities 
in  the  form  of  the  weir  section,  in  modifying  the  discharge  co- 
efficient, becomes  less  and  less  significant,  and,  under  excessively 
high  heads,  the  coefficient  ciirves  for  all  cross-sections  will  tend  to 
converge. 

A  series  of  coefficients  for  various  heads,  taken  from  Fig.  23,  has 
been  plotted  in  a  slightly  diff'erent  form  in  Fig.  22,  using  the  coeffi- 
cients as  ordinates,  and  the  slope  or  batter  on  the  down-stream  face  as 
abscissas.  This- brings  prominently  to  our  notice  the  greatly  dimin- 
ished discharging  capacity  of  a  dam  with  a  flat  apron,  as  well  as  the 
tendency  of  all  the  curves  to  become  tangent  to  a  common  asymptote 
under  high  heads. 

Comparing,  in  the  same  manner  as  before,  Bazin's  Series  Nos.  147, 
151,  153,  154  and  156,  we  obtain  the  series  of  coefficient  curves  shown 
in  Fig.  25.  The  cross-sections  for  these  series  are  precisely  like  those 
shown  in  Figs.  22  and  23,  except  that,  instead  of  having  a  vertical 
back,  the  up-stream  face  has  a  batter  of  1  horizontal  to  2  vertical,  and 
a  flat  crest  0. 67  ft.  in  width.  The  forms  of  the  coefficient  curves  and 
the  characteristics  of  discharge  appear  to  be  completely  modified. 
Starting  with  nearly  the  same  coefficients  for  all  series  at  low  heads, 
the  coefficient  curves  diverge  rapidly  to  the  limit  of  the  experiments. 
For  low  heads  the  influence  of  the  apron  is  comijletely  masked  by  the 
effect  of  the  broad  flat  crest. 

A  number  of  similar  comparisons  might  be  made  from  Bazin's  ex- 
periments, biit  enough  has  been  given  to  show  that  no  general 
formula  for  flow  over  a  dam  of  irregular  section,  using  the  slopes  of  the 
faces  and  the  breadth  of  the  crest  as  independent  variables,  can  be  de- 
duced; the  coefficient  curve  for  each  combination  must  be  determined 
separately,  although  the  way  in  which  any  single  element  tends  to 
modify  the  discharge  may  readily  be  pointed  out. 

In  all  the  series  of  experiments  above  discussed,  the  nappe  retained 
a  sensibly  stable  form  throughout  the  entire  range  of  the  experiment, 
being  attached  to  the  flat  surface  of  the  apron  in  each  instance.  The 
coefficient  curves  are  continuous  smooth  lines.  Where  the  napj^e  be- 
comes depressed,  detached  or  wetted  underneath,  during  the  progress 
of  the  experiment,  the  resulting  coefficient  curve,  mathematically  con- 
sidered, will  be  a  series  of  discontinuous  arcs,  possibly  disconnected, 
and  terminating  abruptly  in  points  d'arret,  whenever  the  form  of  the 
nappe  changes.  Four  series  of  coefficients,  as  deduced  by  Bazin,  for 
weirs  with  variable  nappes,  are  shown  in  Fig.  26.  The  condition  of 
the  nappe  in  each  instance  is  indicated  on  the  diagram.  For  dam  sec- 
tions like  these  the  nappe  may  assume  four  distinct  forms  as  regards 
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Mr.  Horton.  its  beliavior  with  reference  to  the  down-stream  face  of  the  weir,  and,  in 
addition,  it  may  either  adhere  to,  or  be  detached  from,  the  crest. 
Either  of  these  conditions  may  occur  in  combination  with  any  of  the 
four  previously  mentioned,  so  that  by  simple  permutation  we  find  that 
eight  series  of  discharge  coefficients  are  possible  for  a  single  form  of 
section.  On  the  other  hand,  there  are  many  forms  of  weirs,  such,  for 
example,  as  that  used  in  Cornell  experiment  No.  19,  for  which  the 
nappe  adheres  to  the  crest  and  apron  under  all  heads,  and  is  subject 
to  no  modifications  whatever.  Owing  to  the  permanence  of  the 
nappe  form,  such  a  section  possesses  some  advantages  over  a  sharp- 
crested  weir  for  use  as  a  standard  section  in  making  weir  measure- 
ments. 
Mr.  Parmiey.  Walter  C.  Pakmley,  M.  Am.  Soc.  C.  E.  (by  letter.)— This  paper  is 
a  welcome  addition  to  the  literature  on  weir  flow.  About  all  that  has 
been  known  of  this  subject  up  to  the  present  time  is  what  has  been 
given  to  us  in  the  work  of  Francis,  Fteley  and  Stearns,  and  Bazin. 
Their  experiments  cover  a  rather  narrow  range  of  conditions,  and 
hence  the  experiments  carried  out  at  Cornell  make  a  substantial  addi- 
tion to  our  knowledge  of  the  subject. 

In  the  method  of  measuring  the  head  upon  the  weir,  Mr.  Eafter 
has  followed  in  general  the  processes  used  by  the  other  experimenters, 
although  in  details  they  are  varied.  The  height  above  the  crest  of 
the  weir  is  not  taken  by  dii'ect  observation  upon  the  water  surface, 
but  by  observations  of  the  water  surface  in  glass  gauges  at  the  side  of 
the  channel.  As  a  consequence,  tedious  and  involved  corrections  must 
be  applied  to  the  readings  obtained  from  one  set  of  piezometers  in 
order  to  make  them  check  with  the  results  of  the  others.  This  method 
introduces  uncertainty  as  to  the  proper  jDlace  in  the  channel  of 
aijproach  of  placing  the  inlet  tubing,  the  manner  of  access  to  it,  and 
the  possibility  of  eddies  vitiating  the  results.  It  is  doubtful  if  holes 
bored  in  round  tubing  will  give  a  correct  record  of  the  head,  inasmuch 
as  the  orifice  is  in  a  curved  surface,  when  theory  and  exijeriment  agree 
that  the  orifice  should  be  at  right  angles  to  the  motion  of  the  water 
and  through  a  plane  surface  parallel  therewith.  The  experiments  of 
Fteley  and  Stearns  showed  that  the  pressure  near  the  up-stream  side  of 
the  weir  varied  materially  from  the  bottom  to  the  top  of  the  channel  and 
with  the  distance  from  the  weir.  It  is  necessary,  therefore,  that  the 
tubing  enter  the  channel  up-stream  from  this  region  of  erratic 
pressures  and,  in  a  given  case,  it  is  not  altogether  certain  just  where 
these  variations  of  pressure  cease.  The  author  does  not  explain 
whether  or  not  any  correction  for  capillary  action  in  the  piezometer 
tube  was  made,  nor  the  amoimt,  if  such  correction  was  made. 

It  seems  to  the  writer  that  the  method  of  Bazin  is  jjreferable.  He 
provided  recesses  at  the  side  of  the  channel  where  the  actual  surface 
of  the  water  could  be  measured  with  a  hook  gauge.     It  undoubtedly 
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has   the   advantage   of   avoiding   the    imcertainties   mentioned.     The  Mr.  Parmley. 
anther  states  that  the  readings  of  the  piezometers  were  taken  to  2 
mm.,  that  is,  to  within  about  0.0066  ft.     While  an  error  of  this  amount 
is  of  no  consequence  when  large  heads  are  being  measured,  it  becomes 
of  considerable  importance  if  the  heads  are  small. 

From  his  experience  with  many  weirs  under  varying  conditions,  the 
writer  has  found  the  use  of  a  steel  tape  graduated  to  hundredths 
of  a  foot  very  satisfactory.  A  sharp-pointed  j^lumb-bob  is  attached  to 
the  end  of  the  tape  by  means  of  a  wire  hook.  The  measurement  to 
the  surface  of  the  water  is  taken  from  some  well-defined  point  con- 
veniently located  above  the  water  surface.  These  readings  are  made 
to  thousandths,  and  in  ordinary  work  can  be  made  with  certainty  to 
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within  0.005  ft. ,  which  is  closer  than    the   readings   by  the  author's 
piezometers. 

In  order  to  illustrate  the  importance  of  accurate  measurements 
when  small  heads  are  upon  the  weir  and  the  relative  unimportance  of 
such  accuracy  for  large  heads,  let  us  take  the  ordinary  Francis  form- 
ula, considering  only  a  length  of  1  ft.  of  weir. 


Differentiate,  and  we  have: 

d  Q  =  ^  CH^  clH 
Now,  the  error  of  any  gauging  when  H-\-  d  His  taken  as  the  head, 
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Mr.  Parmley.  instead  of  the  true  head  H,  will  be  the  quantity  clQ,  and  the  ratio  of 
the  error  to  the  true  quantity  Q,  will  he, 

c^Q  _  3  C  W  dH  _  1.5  dH 

q  2  CH^^  H 

This  formula  gives  the  exact  error  if  d  His  an  inflnitessimal,  and  a 
nearly  correct  value  of  the  error  if  d  H  is  some  very  small  quantity. 
Assuming  d  i/=  0.005  ft.  the  writer  has  calculated  the  error  for  dif- 
ferent heads  upon  the  weir.  The  results  are  shown  in  Fig.  27,  and  are 
expressed  as  jjercentages  of  the  true  volume  flowing.  The  heads 
are  on  the  left  and  the  corresponding  errors  for  the  various  heads  at 
the  bottom  of  the  diagram.  It  will  be  observed  that  if  the  head  is 
0.1  ft.,  the  error  is  1^%;  if  the  head  is  1  ft.,  the  error  is  0.75%,  and  if 
the  head  is  5  ft.,  the  error  is  only  0.15  per  cent.  It  seems  to  the 
writer,  therefore,  that  the  required  degree  of  pi'ecision  could  have 
been  attained,  and  with  greater  certainty  as  to  the  final  results,  if  a 
simpler  and  more  direct  method  of  measuring  the  heads  had  been 
followed. 

It  is  probable,  also,  that  some  of  the  irregularities  in  the  resulting 
coefficients  are  due  to  the  method  of  observing  the  head.  There  is  no 
apparent  reason  why  the  coefficients  of  a  standard  sharp-crested  weir 
should  increase  both  ways  from  a  minimum  as  shown  in  Fig.  7,  and 
it  is  probable  that  the  same  cause  accounts  for  the  peculiarities  in  the 
coefficients  of  Experiments  Nos.  1,  5,  12  and  16,  whatever  that  cause 
may  have  been. 

The  writer,  agreeing  with  Professor  Williams,  is  unable  to  under- 
stand the  author's  use  of  Bazin's  formiila  on  page  296.  After  having 
correctly  found  the  volume  by  the  formula  of  Bazin,  he  apjDarently 
makes  a  further  correction  for  velocity  of  approach,  on  pages  298  and 
299.     Even  if  such  correction  were  necessary,  the  reason  is  not  clear 

why  the  correction  taken  was  -r — ,  instead  of  1.33  ^r— ,  given  as  the  aver- 

age  value  by  Fteley  and  Stearns.  If  the  writer  understands  Bazin's 
formula,  no  correction  for  velocity  of  approach  is  necessary,  since  that 
is  taken  account  of  already  in  the  formula  and  the  coefficients  given  in 
his  table. 

This  suggests  what  seems  to  be  an  obscure  point  in  the  discussion 
of  weirs  in  most  text  books  on  hydx'aulics.  In  order  to  use  correctly 
any  weir  formula  it  is  absolutely  necessary  to  use  it  with  the  constants 
obtained  by  direct  experiment  for  that  formula;  and  it  is  also  neces- 
sary that  all  the  attending  conditions  should  be  the  same  as  those 
undei"  which  the  constants  were  determined.  One,  therefore,  cannot 
correctly  apply  the  Francis  constants  when  reducing  for  velocity  of 
approach  by  the  method  adopted  by  Fteley  and  Stearns,  nor  vice  versa. 
In  a  similar  manner,  the  Bazin  constants  are  not  directly  applicable  to 
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tlie  forunilas  obtained  by  Francis,  and  by  Fteley  and  Stearns.     If  onr  Mr.  Parmley. 
text  books  had  been  more  clear,  there  would  have  been  less  confusion 
regarding  this  jjoint. 

If  the  volume  over  a  standard  16-ft.  weir  was  not  correctly  obtained 
as  above  indicated,  the  sitbsequent  work  based  upon  these  results 
would  need  correcting.  It  is  to  be  hoped  that  the  results  as  finally 
determined  will  be  aft'ected  by  no  error  which  it  is  jjossible  to 
eliminate. 

Since,  as  a  basis  of  the  exi^eriments  performed  at  Cornell,  the  whole 
subject  of  weir  flow  is  under  discussion,  it  will  probably  be  instructive 
to  give  a  summary  of  the  results  of  some  of  the  deductions  which  the 
writer  has  made  of  the  work  of  Francis,  Fteley  and  Stearns,  and  Bazin. 

As  already  stated,  in  order  to  obtain  the  most  accurate  results,  it  is 
necessary  to  duplicate  the  conditions  of  some  weir  for  which  coefficients 
have  been  determined  by  volumetric  measurement,  and  then  to  use  the 
same  formula  and  the  same  coefficients  derived  Irom  that  weir.  As  a 
matter  of  fact,  this  is  seldom  j^ossible  in  practice.  The  engineer  is 
thus  forced  to  resort  to  some  modified  method  which,  in  his  judgment, 
will  give  results  most  nearly  correct  under  the  circumstances. 

The  writer  has  constructed  recently  about  forty  weirs  of  various 
sorts,  and  not  one  of  them  conforms  to  any  weir  for  which  coefficients 
have  been  determined.  Most  of  these  weirs  are  in  sewer  outlets  where 
the  channel  of  approach  is  circular  or  nearly  so.  In  all  these  weirs, 
with  considerable  head,  the  velocity  of  approach  exceeds  that  of  any 
upon  which  experiments  have  been  conducted.  While  recognizing 
the  desirability  of  constructing  weirs  without  end  contractions,  inmost 
cases  it  has  been  practically  imi^ossible,  and  where  it  could  have  been 
done,  the  cost  precluded  a  weir  of  that  form. 

A  close  study,  therefore,  has  been  made  of  the  work  of  these  ex- 
perimenters, in  order,  if  possible,  to  discover  a  method  which  would 
utilize  the  results  of  all,  when  working  with  a  weir  unlike  any  which 
had  been  calibrated.  One  of  the  first  things  noticed  was  the  fact  that 
in  correcting  for  velocity  of  approach,  Bazin  followed  jiractically  the 
method  of  Francis,  but  with  a  coefficient  which  gives  a  larger  correc- 
tion. There  are  two  methods  of  making  this  correction:  The 
theoretical  method  of  Francis,  in  which  the  effective  head,  H' ,  cor- 
rected for  initial  velocity  of  the  water  is 

and  the  empirical  method  used  by  Fteley  and  Stearns,  in  which  the 
effective  head  is 

2  g 

in  which  c  is  some  numerical  constant  to  be  determined  by  exjDeriment. 
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Mr.  Parmley.  Now,  tlie  correction  for  velocity  of  approach,  to  be  applied  to  the 
coeflScient  for  flow  over  a  weir  where  there  is  no  velocity  of  approach, 
adojjted  by  Baziu,  is 

;r=i  +  o.65(j^)' 

which  is  identical  in  form  with  a  formula,  expressing  the  same  thing, 
derived  by  Hunking  and  Hart:* 


A'=  1+0.2489  {jj^) 


The  value  of  K,  by  Bazin,  differs  only  by  the  numerical  coefficient, 
and  gives  a  correction  2.2  times  that  of  the  formula  of  Hunking  and 
Hart;  but  the  values  given  by  the  latter  equation  were  found  to  agree 
■within  one-two  hundredth  of  \%  of  the  results  obtained  by  the  use  of 
the  Francis  formula  for  effective  head,  given  above.  It  thus  appears 
that  the  correction  for  velocity  of  approach,  as  deduced  by  Bazin  for 
use  in  the  formulas  for  the  weirs  which  he  experimented  with,  is  2.2 
times  the  correction  that  Francis  found  necessary  to  the  formula  in  the 
reduction  of  his  experiments. 

TT 

The  ratio  f^ ^  was  derived  from  rectangular  channels  and  for 

suppressed  weirs,  and  is,  therefore,  the  ratio  of  the  sectional  area  of 
the  water  upon  the  weir  to  the  sectional  area  of  the  water  in  the  channel 

of  approach.     Adopt  the  notation   -j  to   rej^resent   this   ratio  and  we 

may  then  apply  the  results  of  experiments  upon  suppressed  weirs  in 
rectangular  channels,  to  weirs  with  end  contractions  in  channels  hav- 
ing any  shape,  provided  the  proper  correction  for  end  contraction  be 
made.  The  formula  of  Francis,  then,  for  suppressed  weirs  of  such 
height  that  there  is  velocity  of  api^roach,  becomes 

q  =  3.33  [l  4-  0.2489  {^  ^J  L  H^ 
and  Bazin 's  formula  for  the  same  case  becomes 

^_C'[i  + 0.55(1) ']zi7^ 

in  which  C"  =  the  coefficient  where  there  is  no  velocity  of  approach. 

In  Bazin's  formula,  as  thus  modified,  C"  is  not  constant,  as  found 
to  be  nearly  the  case  with  the  limited  number  of  weirs  experimented 
on  by  Francis,  but  varies  from  3.59  for  a  head  of  0.16  ft.  to  3.28  for  a 
head  of  1.969  ft.,  and  in  the  coefficient  K,  where  the  corrective  term  is 
2.2  times  that  of  Francis,  as  before  stated. 

Outside  of  the  few  experiments  of  Fteley  and  Stearns,  the  work  of 
Francis  is  practically  all  that  we  have  bearing  on  the  subject  of  the 
*  Journal  of  the  Franklin  Institute,  Vol.  118  (Aug.,  1884),  p.  121. 
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effect  of  end  contraction.  As  it  was  found  by  Fteley  and  Stearns  to  Mr.  Parmley. 
vary  from  0.06  to  0.12  of  tlie  head,  and  as  their  experiments  are  not  ex- 
tensive enough  for  us  to  determine  in  most  cases  just  what  correction 
to  make,  the  average  correction  of  Francis  seems  to  be  the  most 
practicable  value  to  use,  viz.,  0.10  of  the  head  deducted  from  the 
length  of  the  weir  for  each  end  contraction.  A  general  formula  for 
sharjD-crested  weirs,  either  suppressed  or  contracted,  may  then  be 
written 

q=  G'  K\L-^.\  a  H]H^ 

in  which  n  is  the  number  of  end  contractions  and  K  is  the  coefficient 
obtained  by  Bazin,  since  his  experiments  cover  so  large  a  number  of 
conditions. 

The  values  of  C",  as  deduced  by  Bazin,  do  not  tit  exactly  the  work 
of  American  experimenters,  and  an  investigation  of  this  point  has  been 
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made.  The  values  of  C",  as  deduced  from  the  experiment's  of  Francis, 
and  Fteley  and  Stearns,  after  the  correction  for  end  contraction  and 
velocity  of  approach  had  been  made,  are  plotted  in  Fig.  28.  The 
values  of  Bazin,  for  the  case  of  no  end  contraction  and  no  velocity  of 
approach,  are  also  plotted.  In  this  manner  the  variations  in  the 
results  of  the  experiments  are  set  clearly  before  the  eye.  By  the 
curve  it  is  seen  that  the  values  of  Bazin  agree  well  with  each  other, 
but  that  he  uniformly  gives  higher  values  than  do  either  of  the 
other  experimenters.  In  order  to  write  a  formula  capable  of  covering, 
with  a  fair  degree  of  accuracy,  a  wide  range  of  conditions  and  still 
give  proper  weight  to  the  results  of  all  three  authorities,  values  of 
C  are  taken  from  the  curve  which  is  drawn  in  an  intermediate 
position. 

Values  of  K  for  variations  in  the  ratio  — r-  from  0.01  to  0.60  are 

A. 

shown  in  Table  No.  11,  together  with  the  values  of  C"  taken  from  the 

intermediate  curve  of  Fig.  28. 
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Mr.  Parmley.  TABLE   No.    11. — VALUES   OF   THE   COEFFICIENTS   IN   THE  FoKMXiLA 

q  ^C  K  (X  — 0.1  ,iR)H^- 

a      =  [L—  0.1  n  H)  H; 

A     =  x\rea  of  water  section  in  channel  of  approacli; 

—r-  =  Eatio  of  area  of  weir  section  to  area  of  section  of  channel  of 


approach; 
K    =  Constant  for  given  value  of 


A 


C    =  Constant  for  given  value  of  H. 


a 
A 

A'. 

a 

K. 

H. 

C". 

0.01 

1.0001 
1.0002 
1.0005 
1.0009 
1.0034 
1.0020 
1.0027 
1.0035 
1.0044 
1.0055 
1.0066 
1.0079 
1.0093 
1.0108 
1.0124 
1.0141 
1.0159 
1.0178 
1.0198 
1.0220 
1 .0243 
1.0266 
1.0291 
1.0317 
1.0.344 
1.0372 
1.0401 
1.0131 
1.0463 
1.0495 

0.31 
0..32 
0.33 
0.34 
0.35 
0.36 
0.37 
0.38 
0.39 
0.40 
0.41 
0.42 
0.43 
0.44 
0.45 
0.46 
0.47 
0.48 
0.49 
0.50 
0.51 
0.52 
0.53 
0.54 
0.55 
0.56 
0.57 
0.58 
0.59 
0.60 

1.0529 
1.0563 
1.0599 
1.0636 
1.0674 
1.0713 
1.0753 
1.0794 
1.0837 
1.0880 
1.0925 
1.0970 
1.1017 
1.1065 
1.1114 
1.1164 
1.1215 
1.1267 
1.1321 
1.1.S75 
1.14.31 
1.1487 
1.1545 
1.1604 
1.1664 
1.1725 
1.1787 
1.1850 
1.1915 
1.1980 

0.10 
0.15 
0.20 
0.25 
0.30 
0.35 
0.40 
0.45 
0.50 
0.55 
0.60 
0.65 
0.70 
0.75 
0.80 
0.85 
0.90 
0.95 
1.00 
1.10 
1.20 
1.30 
1.40 
1.50 
1.60 
1.70 
1.80 
1.90 
2.00 

3.580 

0.02 

3.520 

0  03 

3.478 

0  04    

3.444 

0.05 

2.420 

0.06 

3.400 

0  07 

3.385 

0.08 

3.376 

0.09     

3.368 

0.10 

3.362 

0.11 

0  12     

3.358 
3.354 

0.13 

3.351 

0.14         

3.349 

0.15 

3.346 

0.16 

3.343 

0  17       

3.340 

0.18 

3.337 

0.19 

3.334 

0.20 

3.329 

0  21 

3.324 

0.22 

3.319 

0.23 

3.313 

0.24 

3.307 

0  25      

S.301 

0.26 

3.296 

0.27 

3.290 

0.28      

3.285 

0.29 

3.280 

0..30 

The  formula,  then,  with  the  aid  of  the  auxiliary  table  for  C  and 
K,  is  capable  of  application  to  sharp-crested  weirs,  with  or  without 
end  contractions,  with  any  form  of  channel  of  approach  and  with  a 
great  range  in  the  velocity  of  approach,  these  corrections  being 
applied  separately,  and  provided  for  by  the  coefficients  in  the  general 
formula. 

In  order  to  make  a  direct  comj^arison  of  the  two  methods  of  reduc- 
ing for  velocity  of  ai^proach,  we  may  consider  auy  given  quantity  of 
flow  to  be  calculated  by  the  two  formulas.     By  equating  these  expres- 
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sious  for  volume   we  cau  obtain    values  of  the  coefficients  that  will  Mr.  Paimley. 
satisfy  the  equation.     Then  let 


from  which 


or, 


C"  Kim  =  C  L  (11+  chy 
K^  H^[H  +  ch) 


o=f(A->-l). 


But 


§2  _  0.01555  (Cfg^X^'ff^^ 


h  =  0.01555  V-  =  0.01555  J-^  =  ^2 

=  0.01555  (Cf  K^  H^, 

From  the  equation  for  K,  given  above,  we  have 

., 0.55  rt" 

Substituting  this  value  of  A"^  in  the  equation  for  h,  and  then  substi- 
tuting the  value  of  Ji.  in  the  equation  for  c  and  reducing  gives 

35.4  (^*  — 1) 


[CT-'/iMAT-i) 


Since,  in  the  second  member  of  the  last  equation,  there  are  two 
variables,  C"  and  K,  which  are  given  for  any  depth  of  weir  and  any 
head  upon  the  weir,  the  equation  enables  us  to  determine,  after  having 
found  the  volume  by  the  equation  Q  =  C  K  L  H^,  precisely  what 
value  of  c  would  have  been  necessary  to  use  in  the  formula  Q  =^  C  L 
{H  -\-  ch)i  in  order  to  obtain  the  same  volume. 

Fig.  29  shows  the  value  of  c  for  several  weirs  and  heads  as  given  by 
Fteley  and  Stearns*  and  the  values  for  the  same  volumes  flowing  when 
calculated  by  the  formula  Q  =  C  K  L  H-.  The  values  by  Fteley 
and  Stearns  are  shown  by  broken  lines,  and  those  by  the  latter  formula 
by  solid  lines. 

It  will  be  seen  that  the  values  of  c  by  the  two  methods  for  a  weir  1  ft. 
high  are  almost  identical,  but  that  for  higher  weirs,  with  consequently 
lower  velocities  of  approach,  the  values  by  Fteley  and  Stearns  are  lower. 
On  the  other  hand,  by  the  Bazin  formula  with  modified  coefficients, 
the  values  of  c  increase  as  the  weirs  become  higher  and  the  velocities 
of  api^roach  become  less.  It  would  seem  that  the  latter  condition  is 
the  more  reasonable  since  there  appears  to  be  more   pressure   head 

*  Transactions,  Am.  Soc.  C.  E.,  Jan.,  188.3,  Table  III,  p.  22. 


692 


DISCTJSSIO]Sr    ON    FLOW    OF   WATER   OVER   DAMS.         [Papers. 


Mr.  Parinley.  proportionately  with  low  velocities  immediately  behind  the  weir  than 
with  greater  initial  velocities.  It  also  seems  to  accord  with  other 
observations  of  Fteley  and  Stearns  which  showed  that  the  value  of 
c  is  greater  for  weirs  with  end  contraction  than  for  suppressed 
weirs. 

Whether  or  not  this  be  true,  the  values  by  the  latter  formula  show 
a  regular  law  of  variation,  since  c  increases  in  every  instance  with  an 
increase  in  the  height  of  the  weir,  Avhile  the  values  as  given  by  Fteley 
and  Stearns  for  a  weir  1.7  ft.  high  are  intermediate  between  those  for 
weirs  1  ft.  and  0.5  ft.  high;  and  for  a  weir  2.6  ft.  high  they  are  less 


2.5 


3.0 


1.5 


^  1.0 


0.5 


Comparison  of"\'alues  of  C  as  Calculated 

by  Fteley  and  Steains  from  Formula  for 

Effective  head,    //'=  (//+c7t),  and  as 

Calculated  from  the  Formula 

\  =  C'KLHV^    in  which  A'  =  [l+0.55(;r)^  J 

and  in  which  the  relation  between  A" 

and  C  is  given  by  the  equation 

35.4  (£°/3-l) 

""  C'K"  (K-1) 


Values  of  C  by  Fteley  and  Stearns,    ^hown  thus 
'•       "  "    "  Formula,  Q=C'ffiHV2  "      " 


.8  1.0  1.3 

Depths  on  Weir,  in  Feet. 
Fig.  29. 


1.4 


1.6 


3.0 


than  those  for  any  of  the  others.  Such  results  are  anomalous,  and 
seem  to  show  that  the  values  derived  by  their  experiments  were 
aflCected  by  some  peculiar  condition  which  may  not  occur  in  other 
cases.  In  Table  No,  12  a  direct  comparison  of  the  values  of  c  is 
shown  for  the  cases  having  one  or  more  end  contractions,  as  given 
by  Fteley  and  Stearns.*  The  values  of  c  are  calculated  by  the 
formula  for  c,  given  above.  From  this,  together  with  the  data  in 
the  table  of  Fteley  and  Stearns,  a  comparison  of  the  velocity  heads 
is  made,  with  the  difference  between  them  shown  in  the  last 
column. 


■  Transactions,  Am.  Soc.  C.  E.,  Vol.  xii,  Table  No.  III.  pp.  22  and  23. 
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TABLE  No.  12.— CoMPAEATiVE  Values  of c  in  theFokmula for  Effect  Mi.  PannUy. 
OF  Telocity  of  Approach  H'  —  [H -\-  ch)  as  Given  by  Fteley  and 

35.4  {K'-  —1) 


Stearns,  and  as  Ctpven  by  the  Formula  c  = 


cy  K:'{K—iy 


The  calculatiousare  based  on  the  weirs  shown  in  Transactions,  Am.  Soc.  C.  E.,  Vol. 
xii.  Table  No.  Ill,  pp.  23  and  33. 


_J_ 

13 

•d 

OT) 

a 

^^ 

>.Ti 

>>  . 

0  rX 

a 

<v  d 

a   . 

«.>.—    . 

^  a 

.O  <j 

01 

CD 

>   CS 

iC3 

^£ 

<t>"S 

0-J3 

'O'S 

u  3?  . 

OS 

O  >,C3 

=M    -a 

'^,—  c 

o  S 

0 

o 

i 

O 

3  R 

o  aj  a 

0.2 

3  g 
c3  o 

l§3 

^ 

X 

J 

^" 

s 

►>'°«2 

> 

jj.  UeS 

> 

>■" 

o 

(1) 

(3) 

(3) 

(4) 

(5) 

(6) 

C) 

(8) 

(9) 

(10) 

(11) 

1 

3.56 

3.0 

2 

0.8702 

*3.14 

2.08 

0.0043 

0.0020 

0.0030 

0.0000 

•3 

1.70 

3.0 

2 

0.8013 

3.26 

2.03 

0.0132 

0.0058 

0.0065 

—  0.0007 

3 

1.00 

3.0 

2 

0.8490 

2.27 

1.95 

0.0254 

0.0112 

0.0130 

—  0.0018 

4 

0.50 

3.0 

3 

0.8310 

3.00 

1.83 

0.0434 

0.0217 

0.0237 

—  0.0020 

5 

3.56 

3.3 

0.5765 

*3.03 

2.08 

0.0017 

0.0008 

0.0008 

0.0000 

6 

1.00 

3.3 

0.5647 

2.35 

1.96 

0.0135 

0.0057 

0.0069 

—  0.0012 

0.50 

3.3 

0.5574 

1.65 

1.83 

0.0208 

0.0136 

0.0114 

+  0.0012 

8 

3.56 

3.3 

0.8062 

*2.00 

2.03 

0.0040 

0.0020 

0.0020 

0.0000 

9 

3.60 

3.3 

0.8036 

1.99 

3.05 

0.0066 

0.0033 

0.0032 

+  0.0001 

10 

1.70 

3.3 

0.7969 

2.16 

2.01 

0.0133 

0.0062 

0.0066 

—  0.0004 

11 

1.00 

3.3 

0.7850 

2.09 

1.92 

0.0252 

0.0131 

0.0131 

—  0.0010 

12 

0.50 

3.3 

0.7677 

1.78 

1.77 

0.0425 

0.0239 

0.0240 

—  0.0001 

13 

3.56 

3.3 

0.9307 

*1.99 

3.09 

0.0058 

0.0029 

0.0028 

+  0.0001 

14 

1.00 

3.3 

0.9024 

2.10 

1.90 

0.0341 

0.0163 

0.0179 

—  0.0017 

15 

0.50 

3.3 

^ 

0.8775 

1.91 

1.75 

0.0590 

0.0309 

0.0337 

-0.0028 

16 

3.56 

4.0 

0.7048 

*1.81 

2.05 

0.0038 

0.0031 

0.0019 

+  0.0002 

17 

0.50 

4.0 

0.6639 

1.58 

1.67 

0.0447 

0.0383 

0.0268 

+  0.0015 

*  Value  used  to  determine  effective  depth  on  weir,  and  not  the  result  of  experiment. 


By  the  last  column  of  diiferences  it  will  be  observed  that  the  values 
as  calculated  are  within  the  limits  of  error  in  making  the  observa- 
tion of  the  head  upon  the  weir,  and  this  fact,  together  with  the  prob- 
ability that  some  small  errors  in  readings  were  made  by  Fteley  and 
Stearns,  seems  to  make  the  calculated  value  of  c  practically  exact  in 
any  given  case. 

To  test  the  preceding  work  still  further,  and  if  possible  remove 
any  doubt  there  may  be  in  its  reliability,  the  volumes  of  discharge 
have  been  calculated  for  the  various  experiments  made  by  Francis, 
and  Fteley  and  Stearns,  so  that  these  calculated  volumes  could  be 
compared  with  the  volumes  obtained  by  them  from  direct  volumetric 
measurement.  These  results,  together  with  the  percentage  of  varia- 
tion of  calculated  from  measured  volumes,  are  shown  in  Tables  Nos. 
13  to  17. 
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Mr.  Paimley.  TABLE   No.    13.  -EXPERIMENTS   BY   FRANCIS. 

Case  /.—Length  of  weir,  9.997  ft.;  width  of  channel  above  weir, 
13.96  ft.;  mean  depth  of  channel  below  crest  of  weir,  6  ft.,  above 
weir,  5.048  ft. 


No.  of  Francis'  Experiments 
(Mean  of  Nos.). 

Measured 
head. 

Actual  Q,  in 
cubic  feet. 

Q  by  formula, 
in  cubic  feet. 

Q 

72,  73,  74 

0.5983 

0.63833 

0.65535 

0.79899 

0.921S 

0.9701 

1.0()50 

1.0390 

1.0693 

1.3476 

1.5508 

15.2466 
16.7777 
17.4305 
33.4.304 
38.9334 
31.3479 
33.9542 
.34.5975 
36.1753 
45.5654 
63.603 

15.397 

16.943 

17.613 

33.66 

39.20 

31 .466 

33.16 

34.823 

36.313 

45.60 

62.60 

1.010 

76,  77,  78          

1.010 

75        

1.010 

56,  57,  58,  59,  60,  61     

1.009 

33,  23        

1.009 

11,  17,  18,  19,34,31,32,33 

13,  30,21,25,36,27 

1.007 
1.006 

13,  14,  15,  16,  38,  29 

1.007 

30  

1.004 

5,  6,  7,  8,  9,  10 

1.001 

1,2,  3,  4 

1.000 

Case  II. — Same  conditions  as  in  Case  I,  except  that  weir  was 
divided  into  two  bays  by  a  central  partition  2  ft.  wide.  Each  result- 
ing weir,  8.999  ft.  long. 


:m,  35. 


1.0183 


13.138 


13.06 


0.994 


Cdse  III. — Weir  9.997  ft.   long;  complete  end  contraction;  depth 
of  channel  below  crest  of  weir,  2.014  ft  ;  width  of  channel,  13.96  ft. 


79,  80,  81,  82,  83,  81 

62,63,64 

65,  66 

36.  37,  38,  39,  40,  41 
43,  43 


0.6493 

0.7876 
0.aS41 
1.0420 
1.0753 


17.3400 
33.3658 
37.7038 
35.5793 
37.2693 


17.60 

23.518 

37.704 

35.820 

37.55 


1.015 
1.011 
1.010 
1.007 
1.007 


Case  IV.  —  Same  conditions  as  in  Case  III,  except  that  the  weir  Avas 
divided  into  two  bays  by  a  central  partition  2  ft.  A\nde,  thus  making 
two  weirs  each  3.999  ft.  long. 


85,  86,  87,  88. 


0.6800 


7.3739 


7.353 


1.011 


Case   V. — Suppressed  weir,  9.995  ft.  long;  width  of  channel,  9.992 
ft. ;  depth  below  crest  of  weir,  5.048  ft. 


67          

0.7,363 
0.8099 
0.9790 
1.00036 

31.1533 
24.4498 
32.5616 
33.4946 

21.33 
34.639 
32.7.51 
33.50 

1.009 

68,  69,  70,  71 

1.007 

44,  45,  46,  47,  48,  49,  50 

1.006 

51,  53,  53,  54,  55 

1.010 
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TABLE   No.    14. — EXPEKIMENTS   BY  FtelEY   and   StEAENS.  Mr.  Farnilcy. 

Sharp- crested  ^eir  Avitli  end   contractions  supjJressed;  weir  3.17 
ft.  high  above  bottom  of  channel;  rectangular  channel  of  approach. 


No.  of 
Experiment. 

Length  of 
weir. 

Measured 
head. 

0.8198 
0.8118 
0.6761 
0.6713 
0.5203 
0.4761 
0.4569 
0.3890 
0.3407 
0.3114 
0.3598 
0.3467 
0.2190 
0.2182 
0.2176 
0.1050 
0.1627 
0.1444 
0.1235 
0.1225 
0.1009 
0.1008 
0.0991 
0.0746 

Actual  Q,  in 
cubic  feet. 

Q'  by  formula, 
in  cubic  feet. 

Q 

1 

5.000 
5.000 
5.000 
4.997 
4.996 
4.999 
4.999 
4.999 
4.994 
4.998 
4.999 
4.999 
5.000 
5.000 
5.000 
4.998 
4.995 
4.995 
4.998 
4.998 
4.996 
4.996 
4.996 
4.996 

12.750. 

12.466 
9.430 
9.323 
9.342 
5.547 
5.199 
4.094 
3.3540 
5.9355 
2.2415 
2.0780 
1.7474 
1.7211 
1.7887 
1.1705 
1.1367 
0.9469 
0.7495 
0.7526 
0.5846    / 
0.5877    » 
0.5498 
0.3653 

13.66 
13.519 
9.473 
9.379 
6.385 
5.590 
5.357 
4.138 
3.403 
3.980 
3.384 
3.115 
1.779 
1.769 
1.763 
1.177 
1.153 
0.9681 
0.7452 
0.7633 

0.5731 

0.5583 
0.3648 

0.9944 

3 

1.0O4 

4 

1.005 

1.006 

6 

1.007 

8                  

1.008 

9.           

1.011 

10 

1.011 

12 

1.014 

13                               .    . 

1.015 

14 

15 

1.019 
1.018 

17 

1.018 

IH.                       

1.038 

19 

0.988 

30 

1.005 

21 

1.014 

22 

1.022 

33 

0.994 

24 

1.013 

37 

28 

39 

31 

0.978 

1.015 
0.999 

TABLE  No.  15. 

Sharp-crested  weir  with  end  contractions  sujDpressed;  weir  18.99H 
ft.  long  and  6.55  ft.  high  above  bottom  of  channel. 


Number  of 
Experiment. 

Measured 
head. 

Actual  Q,  in 
cubic  feet. 

Q'  by  formula, 
in  cubic  feet. 

Q 

1 

1.6038 
1.4546 
1 .2981 
1.1456 
0.9873 
0.9864 
0.8191 
0.6400 
0.4685 

130.117 
113.066 
94.192 
77.783 
62.061 
63.033 
46.760 
33.685 
20.178 

130.341 
113.313 
94.652 
78.415 
63.713 
63.609 
47.491 
33.226 
20.596 

1.003 

2 

3 

1.002 
1.005 

5 

6 

1.008 
l.dll 
1.010 

8 

9    

10 

1.016 
1.017 
1.021 

TABLE  No.    16. 

Experiments  on  weirs  in  channel  5  ft.  wide,  and  Avith  height  of 
weirs  3.56  ft.  above  bottom  of  channel;  dimensions  of  weirs  as  shown 
in  the  table: 


Number  designating 
form  of  weir. 

Number  of          Length  of 
end  con-                 ^^^p 
tractions. 

Distance  from  side  of  channel 
to  the  end  op  weir. 

North  side. 

South  side. 

1 

0  5.0 

1  4.0 
1                          4.0 

1  3.3 
3                           3.0 

2  2.3 

0.0 
1.0 
0.0 
0.0 
1.0 
1.0 

0.0 

2 

0  0 

3. 

1  0 

4 

1.7 

5 

1  0 

6 

1  7 

'Slv.  rarmlev 
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TABLE  No.    17. 


Number  of 
Experiment. 

Number 

designating 

form  of 

weir   by 

Table  No.  16. 

Measured 

head,  in 

feet. 

Actual  Q,  in 
cubic  feet. 

Q'  by  For- 
mula, in 
cubic  feet. 

Q 

1 

1 
5 
2 
2 
3 
5 
1 
1 
2 
3 
5 
4 
6 
1 
1 
3 
4 

1 
1 
5 
6 
4 
4 
1 
1 
2 
8 
5 
4 
(i 
1 
6 
1 
1 
2 
3 
5 
1 
4 
4 
1 
5 
1 
4 
4 
1 
2 
3 
1 
2 

0.1509 

0.2155 

0.2303 

0.2691 

0.2b93 

0.3301 

0.2304 

0.3368 

0..3942 

0.3944 

0.4843 

0.4498 

0.5824 

0.3369 

0.4244 

0.4978 

0.5678 

0.4245 

0.4308 

0.6215 

0.7478 

0.5764 

0.5766 

0.4302 

0.5115 

0.5997 

0.5996 

0.7398 

0.6860 

0.8905 

0.5117 

0.9548 

0..5477 

0.6010 

0.7055 

0.70&4 

0.8714 

0.6011 

0.8062 

0.8063 

0.6002 

0.8702 

0.69245 

0.9317 

0.9297 

0.6897 

0.9448 

0.9432 

0.8047 

0.9460 

1.007 
1.007 
1.868 
1.868 
1.869 
1.869 
1.869 
3.283 
3.283 
3.283 
3.284 
3.284 
3.284 
3.2>i5 
4.636 
4.636 
4.637 
4.637 
4.741 
4.736 
4.736 
4.736 
4.736 
4.731 
6.132 
6.134 
6.134 
6.134 
6.134 
6.134 
6.136 
6.796 
6.796 
7.814 
7.815 
7.815 
7.815 
7.816 
7.815 
7.804 
7.798 
7.800 
9.677 
9.667 
9.630 
9.618 
12.147 
12.147 
12.147 
12.147 

1.034 
1.028 
1.917 
1.911 
1.913 
1.905 
1.918 
3.343 
3.336 
3.340 
3.317 
3.337 
3.287 
3.380 
4.707 
4.705 
4.697 
4.719 
4.813 
4.761 
4.701 
4.805 
4.807 
4.814 
6.217 
6.197 
6.196 
6.130 
6.212 
6.019 
6.221 
6.640 
6.907 
7.918 
7.892 
7.905 
7.769 
7.920 
7.889 
7.886 
7.902 
7.752 
9.805 
9.755 
9.724 
9.743 
12.174 
12.137 
12.311 
12.205 

1.026 

4 

1.021 

6 

1.026 

7 

1.023 

8 

9 

1.024 
1.019 

lo;::;::::::::::::::::::: 

1.026 

ii: 

1.018 

12 

13 

1.016 
1.017 

14 

15 

16 

1.010 
1.016 
1.001 

17. 

1.019 

18 

1.015 

19. 

1.015 

20 

21 

22 

23 

24 

1.013 
1.015 
1.015 
1.005 
0.992 

25 

26 

27 

1.015 
1.015 
1.015 

28 

39 

.30 

1.014 
1.010 
1.010 

31 

32 

1.000 
1.013 

33 

34 

0.981 
1.014 

35 

.36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

0.977 
1.016 
1.013 
1.010 
1.011 
0.994 
1.013 
1.009 
1.010 
1.013 
0.994 

Mean  of  46,47 

1.013 

48. 

1.009 

49 

1.010 

50 

1.013 

51 

1.002 

52 

1.001 

53 

1.013 

54 

1.004 

It  is  thus  seen  that  the  formula,  when  applied  to  the  experiments  of 
Francis,  and  of  Fteley  and  Stearns,  agrees  within  about  1?{^,  usually, 
even  through  a  very  wide  range  of  conditions.  For  the  most  part,  the 
formula  gives  results  too  large  for  these  experiments.  If  ajiplied  to 
the  work  of  Bazin,  on  the  other  hand,  the  results  for  small  heads  will 
be  found  to  be  too  small  by  about  the  same  percentage,  and  for  larger 
heads  the  error  approaches  zero.  The  formula,  with  the  coefficients 
as  they  stand,   gives    about    equal   weight   to   the   work   of   all  these 
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experimentei'S,  and  may  thei-ef  ore  be  used  with  a  good  deal  of  confidence  Mr.  Parmley. 
in  cases  where  the  conditions  are  not  exactly  like  those  of  weirs 
actually  tested.  In  general,  it  will  be  noticed,  that  the  percentage  of 
variation  is  greater  for  small  dei3ths  than  for  large  depths  on  the  weir. 
As,  for  small  heads,  the  experimental  errors  are  also  proportionately 
greater,  the  errors  of  the  formula  are  of  less  consequence  than  they 
would  be  if  they  increased  with  the  depth  on  the  weir. 

A  serious  difficulty  with  the  method  of  calculating  the  effective 
liead  by  the  formula  H'  =z  H  ^  ch  is  the  fact  that  the  value  of  c  varies, 
not  only  with  the  varying  head,  but  with  every  depth  of  weir,  and,  as 
Pteley  and  Stearns  found,  with  the  condition  as  to  end  contraction. 
This  difficulty  is  in  i^art  obviated  by  the  foregoing  process. 

To  the  writer's  mind,  the  conclusion  to  be  drawn  from  the  forego- 
ing discussion  is  that  the  methods  adopted  by  Francis  and  by  Bazin 
when  investigating  the  effect  of  velocity  of  approach  are  preferable  to 
the  method  used  by  Fteley  and  Stearns.  This  conclusion  seems  to  be 
confirmed  by  the  fact  that  it  is  possible  to  w^rite  a  single  formula,  with 
a  supplemental  table  of  values  of  C",  depending  on  the  head  upon  the 
weir,  and  a  table  of  values  of  K,  deijending  on  the  relative  areas  of 
water  section  on  the  weir  and  in  the  channel  of  approach,  which  will 
give  results  nearly  approximating  the  true  quantities  of  discharge  for 
a  very  wide  range  of  conditions. 

It  is  to  be  hojied  that  the  experiments,  so  Avell  begun  at  Cornell 
University,  may  be  continued  until  the  subject  of  weir  flow  is  taken 
out  of  the  cloud  of  uncertainty  in  which  at  present  it  is  enveloped. 

George  T.  Nelles,  M.  Am.  Soc.  C.  E.  (by  letter). — Only  those  Mr.  Nelles. 
engineers,  whose  practice  has  shown  them  the  difficulties  and  uncer- 
tainties involved  in  the  determination  of  the  flow  of  water  over  dams 
of  practical  form  and  dimensions,  will  ever  fully  realize  the  great 
service  rendered  to  the  profession  by  the  experiments  of  Bazin  and 
those  made  for  the  U.  S.  Board  of  Engineers  on  Deep  Waterways  by 
the  author,  at  the  Cornell  Hydraulic  Laboratory. 

The  Cornell  experiments  are  presented  in  a  practical  and  useful 
form  and  admit  of  an  easy  and  direct  application  to  the  solution  of 
questions  concerning  the  flow  of  water  over  dams,  met  with  in  every- 
day practice  by  the  working  engineer. 

Early  in  the  course  of  a  recent  investigation  to  determine  the 
probable  effect  of  the  construction  of  several  large  dams  in  the 
Tennessee  Biver,  for  the  purpose  of  producing  slack-water  navigation, 
the  writer  recognized  the  inajiplicability  of  the  existing  jjublished 
data,  based  on  small-scale  experiments,  and  made  a  systematic  effort 
to  secure  information  of  a  more  practical  nature,  founded  on  actual 
observations  on  the  flow  over  existing  dams.  His  efforts  in  this  direc- 
tion, which  comprised  a  study  of  the  available  literature  on  the 
subject,  and  correspondence  with  many  of  the  most  eminent  hydraulic 
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Mr.  Nelles.  engineers  of  this  country  and  Ein'ope,  met  with  small  success,  and 
exhibited  the  paucity  of  exact  knowledge  of  this  nature. 

The  best  results  obtained,  relating  to  the  free  discharge  into  air, 
Avere  as  follows: 

(1)  From  Dwight  Porter,  M.  Am.  Soc.  C.  E. ,  five  observations, 
made  in  1894  by  two  students  of  the  Massachusetts  Institute  of  Tech- 
nology, on  the  flow  over  a  dam  in  the  Blackstone  River,  at  Albion, 
Mass.  The  dam  is  217  ft.  long,  with  a  longitudinal  timber  crest  12 
ins.  Avide;  the  lower  face  is  vertical,  and  the  upper  face  is  covered  with 
rip-rap  stone,  sloping  at  about  30°  with  the  horizontal;  the  height  of 
the  dam  is  about  8  ft.  The  discharge  was  measured  by  meter  at  a 
section  500  ft.  below  the  dam.  The  head  was  measured  by  a  hook 
gauge,  located  20  ft.  above  the  crest  of  the  dam. 

These  observations  when  applied  to  the  Bazin  formi;la 

Q  =  VI  L  h  ]/~Ygrh («). 

in  which  m  rejjresents  the  coefficient  of  dischai'ge,  L  the  crest  length 
of  the  dam  and  h  the  observed  head,  give  the  values  for  the  coefficient 
m  shown  in  Table  No.  18. 

TABLE  No.  18 


Observation. 


(1) 
(2) 
(3) 
(4) 
(5) 


Observed 
head, 
in  feet. 


0.735 
0.867 
0.829 
0.973 
1.025 


Coefficient  m. 


0.439 
0.441 
0.456 
0.491 
0.470 


Concerning  these  results.  Professor  Porter  says:  "The  coefficients 
are  sufficiently  high  and  discordant  to  be  unsafe  for  accejitance 
unless  otherwise  confirmed." 

(2)  From  W.  H.  Bixby,  M.  Am.  Soc.  C.  E.,  Major,  Corps  of  Engi- 
neers, U.  S.  A.,  four  observations  on  the  flow  over  dams  in  the 
Muskingum  River,  Ohio.  The  discharge  was  obtained  by  carefully 
sounding  the  area  of  a  section  500  ft.  above  each  dam,  and  measuring 
the  velocity  by  long  rod  floats.  The  mean  velocity  was  deduced  from 
the  observed,  by  the  formula  given  in  Johnson's  "  Surveying." 

The  dams  are  constructed  of  timber  cribs,  filled  with  stone,  and 
have  planked  sloj^ing  crests.  The  upper  face  is  10  ft.  long,  with  a 
slope  of  1  ft.     The  lower  face  is  30  ft.  long,  with  a  slope  of  4  ft.* 

*  77ie  Engineering  Record,  March  8th,  1890,  page  216. 


Papers.]       DISCUSSION    ON    FLOW    OF    WATER   OVER    DAMS.  699 

Table  No.  19  gives  the  i-esults  of  these  observations.  Mr.  Nelles. 

TABLE  No.  19. 


Number  of 

if 

u 

V 

c 

eight,  in 

f     dis- 

sec- 

square 

a  01 
—  p. 

ean  velocity, 
n    feet    per 
econd. 

is 

0) 

If 

•Si 

dam. 

Sacw 

OJ.g 

.i5 

CS  0) 
1)  OJ 

g..9 

fMt 

3  o  a 

05  s 

g=" 

^0*.=M 

Q  O  m 

g.-x 

fe~ 

gCw 

3 

848 
535 

12.6 
15.9 

7  765 

8  360 

18  118 
25  559 

2.333 
3.045 

8.00 
6.70 

2.86 
4.66 

0.551 

4 

0.589 

7 

472 

14.2 

8  230 

21  015 

2.553 

7.00 

4.40 

0.600 

8 

515 

16.0 

7  330 

22  310 

3.044 

5.16 

5.90 

0  376 

T.  C.  Clarke,  M.  Am.  Soc.  C.  E.,  gives  certain  results*  concerning- 
the  flow  over  a  dam  in  the  Ottawa  River,  from  which  the  following  is 
abstracted.  The  dam  is  30  ft.  high,  built  of  stone-filled  timber  cribs, 
with  upper  and  lower  faces  planked  and  sloping  at  3  horizontal  to  1 
vertical.     The  data  are  shown  in  Table  No.  20. 

TABLE  No.  20. 


Length,  in  feet. 

Depth  on  crest,  in  feet. 

Discharge,  in  cubic 
feet  per  second. 

CoeflBcient  m  in  the 
Bazin  formula. 

1  600 
1  760 

2.5 

10.0 

26  000 
190  000 

0.512 
0.425 

In  a  paper  read  before  the  American  Society  of  Mechanical  Engi- 
neers in  1897,  Professor  K.  C.  Carpenter,  of  Cornell  Universitv,  gave 
the  results  of  a  number  of  observations  made  by  him  at  the  Bridgeport 
Pumping  Station,  Chicago,  on  the  flow  over  a  vortical  Aveir,  30  ft.  long 
and  8.7  ft.  high,  with  a  sharp  crest. 

The  discharge  was  measured  by  carefully  conducted  rod  float 
observations,  and  checked  by  the  known  capacity  of  the  basin.  After 
correcting  for  two  end  contractions,  Professor  Carpenter  gives  the 
figures  shown  in  Table  No.  21. 

TABLE  No.  21. 


Observed  heads,  in  f  eet.corrected  for  velocity 

of  approach 0.4 

CoefiflcieDt  c  in  Francis'  formula 3.657 


0.5 
3.60 


0.6 
3.577 


0.7       0.8 
3.5601  3.545 


0.9     i  1.0 
3.537    3.529 


Transactions,  Am.  Soc.  C.  E.,  Vol.  xxxiv,  page  508. 
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Mr.  Nelles.  The  coefficients  given  by  the  Massachusetts  Institute  of  Technology 
observations  and  the  Muskingum  River  observations  have  been  plotted 
on  the  diagram,  Fig.  30,  in  comparison  with  Bazin's  Series  No.  178; 
and  appear  to  justify  the  early  conclusions  drawn  from  the  Bazin 
experiments,  that  for  weirs  with  sloping  faces,  the  coefficients  increase 
with  the  head.  When,  however,  we  compare  these  coefficients  with 
the  Cornell  experiments,  of  which  Series  No.  8  is  taken  as  a  type,  and 
shown  in  Fig.  30,  we  are  met  by  complications  which  give  rise  to  just 
doubts  as  to  the  accuracy  of  the  observations  in  question,  or  the  appli- 
cability of  experiments,  even  on  the  large  scale  of  those  carried  out  at 
Cornell,  to  the  flow  over  structures  differing  in  shape  and  dimensions 
from  the  experimental  forms.  While  both  causes  may  combine  to 
produce  the  api^arent  disci-epancies,  the  former  is  doubtless  the  leading 
factor. 


I 


.3     O.MO 


I- 

""1 

^ 

;Vng 

itft 

^ 

^vei' 



s- 

SSSi 

^ 

^ 

la 

♦/ 

^■(N 

>f 

F/ 

,*5 

V^ 

_c 

)ine 

11.  r 

.W. 

w. 

3eri 

Uj 

^ 

w 

iTaF^ 

^ 

y^ 

/ 

^ 

/ 

2  3  4 

Observed  Head  in  Feet.Ct) 

Fig.  30. 


The  practical  solution  of  most  questions  concerning  the  free  flow 
over  weirs  and  dams  of  the  usual  forms  is  rendered  comparatively  easy 
and  simple  by  the  experiments  recorded  in  this  paper.  The  solution 
of  questions  concerning  the  flow  over  submerged  or  drowned  weirs  is 
still,  however,  involved  in  doiibt  and  uncertainty,  although  the  recent 
experiments  by  Bazin.  covering  this  form  of  flow,  have  added  greatly 
to  our  knowledge,  and  afford  a  basis  for  a  comprehensive  study,  which 
will  doubtless  eventually  lead  to  a  better,  if  not  a  complete,  under- 
standing of  the  governing  principles.  A  knowledge  of  this  form  of 
flow,  which  is  of  relatively  less  importance  to  engineers  in  general  than 
a  knowledge  of  free  flow,  is  nevertheless  essential  in  the  study  of  various 
engineering  problems. 
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The  experiments  of  Francis,  Fteley  and  Stearns,  Bazin,  and  others,  Mr.  Neiles. 
have  determined,  within  the  limits  of  their  experiments,  the  law  of 
variation  of  the  coefficient  of  discharge  for  submerged  flow  over  sharp- 
crested  vertical  weirs.  The  results  of  and  the  deductions  from  the 
experiments  of  Francis,  and  Fteley  and  Stearns,  are  to  be  found  in  the 
Transactions  of  this  Society,*  to  all  of  which  reference  is  made.  Bazin 
has  applied  the  results  of  his  experiments  on  submerged  flow  over 
weirs  with  sharp  crests;  in  thin  partition,  to  the  same  formula  he  used 
for  free  discharge  into  air, 

Q  =  m  L  h  -y/'lij  h (a) 

and  has  deduced  the  two  expressions  (Equations  11  and  12,  page  270), 
for  the  coefficient  of  discharge  m.  In  these  equations  (11  and  12)  m' 
represents  the  coefficient  of  free  discharge  for  a  similar  weir  of  the 
same  height,  with  the  same  depth  h  of  water  in  the  pool  above  the 
weir  on  the  crest.  The  depth  of  the  water  in  the  pool  below  the  weir 
on  the  crest  is  represented  by  h^;  p  represents  the  height  of  the 
weir,  and  z  =^  h  —  /^i  =  the  difference  in  level  of  the  water  surface 
above  and  below  the  weir.  These  expressions,  in  connection  with  the 
well-determined  coefficients  of  free  discharge  given  in  Table  No.  2 
afford  an  easy  and  safe  means  of  obtaining  the  coefficient  for  submerged 
flow  for  the  conditions  and  limits  comprised  in  Bazin's  experiments, 
Series  Nos.  64  to  85,  4th  article,  1894. 

In  his  5th  article,  1896,  Bazin  treats  of  the  submerged  flow  over 
vertical  weirs  with  flat  crests  {deversoirs  <i  poutreUes),  made  up  of  square 
timbers  of  the  same  width  as  the  crest.  Concerning  these  experiments 
he  says: 

"  Independent  of  the  experiments  we  have  just  studied  (experiments 
on  the  free  flow  over  similar  weirs),  there  have  been  made,  by  raising  the 
level  of  the  water  surface  below  the  weirs,  four  other  series,  on  weirs 
0.75  m.  (2.46  ft.)  and  0.35  m.  (1.15  ft.)  high  above  the  bed  of  the  chan- 
nel, with  crests  0.21J  m.  (0.66  ft.)  and  0.10  m.  (0.33  ft.)  wide. 

"  They  are  entirely  analogous  to  those  which  were  made  on  vertical 
weirs  in  thin  partitionf  (Series  64  to  85),  and  exactly  the  same  methods 
have  been  followed  in  measuring  the  discharge,  pressure,  etc. 

"  The  discharge  was  I'egulated  to  con-espond  to  constant  heads  of 
0.10  m  ,0.15m.  *  *  "^  *  U.40m.,  0.45  m  (0.325  ft  ,  0.492  ft.  *  *  *  * 
1.148  ft. ,  1.312  ft.),  on  the  standard  weir  of  comparison.  When  the 
discharge  corresponding  to  a  given  head  became  constant,  then  the 
level  of  the  water  surface  below  the  weir  was  successively  changed  to 
0.04/j,  0.08p,  i).V2p,  etc.  {p  =  height  of  weir),  both  above  and  below 
the  crest,  as  was  done  in  the  similar  experiments  on  weirs  in  thin  par- 
tition. Finally,  a  similar  series  was  executed  on  a  vertical  weir  2.0m. 
(6.56  ft.)  wide." 

*  Tranmctionx,  Am.  Soc.  C.  E.,  Volumes  xii,  xiii  and  xiv. 

+  In  his  articles  Bazin  refers  to  weirs  similar  in  form  to  his  standard  weir,  as  weirs 
in  thin  partition  iD^ccrsoirs  en  mince  ijaroi).  These  weirs  are  made  up  of  horizontal 
timbers  about  4  ins.  square,  the  crest  lieing  formed  by  an  iron  plate  M  in.  thick,  in  the 
prolongation  of  the  back  of  the  weir  and  extending  4  ins.  above  the  timbers. 

Weirs  of  other  form,  with  sharp  crest.  Series  195.  Iflti  and  197,  he  designates  as  weirs 
with  sharp  crest  (D6versoirs  d  vive  arete). 


702 


DISCUSSION   ON   FLOW   OF   WATER   OVER   DAMS.       [Papers. 


Bazin's  Experiments. — Series  Nos.  120  to  12:^. 

Nappe  wetted  tinderueath,  witli  water  retained  in  liool  below  Aveir. 
Description  of  weirs  under  observation:  Height,  0.75  m.  =  2.46  ft. 
and  0.35  m.  =  1.15  ft.  Crests,  0.20  m.  =  0.66  ft.  and  0.10  m.  =  0.33 
ft.  wide.     Length,  2.0  m.  =  6.56  ft. 

Dimensions  of  standard  Aveir  vised  for  measuring  the  discharge: 
Height,  1.135  m.  =  3.72  ft.     Length,  2.0  m.  =  6.56  ft. 


(1) 


V^) 


(3) 


(*) 


Observed  Heads. 
IN  Feet. 


On  weii- 
under 
consid- 
eration. 

{h.) 


On 
stand- 


(•=*) 


lENTS  OP 

Dis- 
charge. 


.S  2  9  i 


.  ® 


II  II 


ard  weir  =«  ?;  ^ 
of  com- 
parison. 


BazitCs  SeriiiH 
No.  120. 


0.388 

0.329 

0.394 

0.335 

0..SC5 

0..S36 

0.392 

0.332 

0.402 

O.&Sl     1 

0.447 

0.331     ! 

0.539 

0.333     j 

0.548 

0.496 

0.550 

0.496 

0.549 

0.489 

0.558 

0.498 

0.552 

0.484 

0.569 

0.498 

0.569 

0.486 

0.605 

0.498 

0.680 

0.492 

0.760 

0.498 

0.699 

0.657 

0.701 

0.657 

0.710 

0.660 

0.717 

0.662 

0.723 

0.664 

0.723 

0.664     i 

0.722 

0.655 

0.742 

0.663 

0.765 

0.654 

0.837 

0.660 

0.909 

0.658 

0.842 

0.826 

0.841 

0.818 

0.846 

0.823 

0.852 

0.825 

—0.589 
— 0..395 
—0.198 
—0.004 


(1) 


(2) 


(3) 


Observed  Heads, 
IN  Feet. 


On  weir 
under 
consid- 
eration. 


On 
stand- 
ard weir 
of  com- 
parison. 


0.854 
0.861 
0.862 
0.867 
0.861 
0.86] 
0.890 
1.006 
1.131 

0.979 
0.974 
0.987 
0.984 
0.990 
1.000 
1.003 
1.005 
1.006 
1.014 
1.020 
1.024 
1.046 
1.102 
1.138 
1.226 
1.288 
1.358 

1.111 
1.117 
1.118 
1.117 
1.127 
1.130 
1.142 
1.146 
1.142 
1.156 
1.158 
1.172 
1.174 
1.211 
1.279 


0.824 
0.&29 
0.828 
0.830 
0.819 
0.812 
0.820 
0.829 
0.819 

0.998 
0.983 
0.995 
0.985 
0.982 
0.989 
0.982 
0.988 
0.979 
0.991 
0.984 
0.987 
0.988 
0.987 
0.988 
0.994 
0.988 
0.992 

1.157 
1.158 
1.153 
1.149 
1.149 
1.148 
1.157 
1.150 
1.147 
1.152 
1.150 
1.151 
1.154 
1.150 
1.153 


(4) 


9  Q  *  fe 


9+\ 


-f0.104 
-f  0.189 
40.193 
-f  0.290 
-fO.29] 
+  0.419 
40.. 587 
40.786 
40.980 

—0.288 
— 0..396 
—0.199 
0.000 
40.197 
40.294 
40.392 
40.393 
4-0.491 
4  0.492 
40.588 
40.595 
40.658 
-I  0.788 
-f  0.887 
40.980 
4  1.082 
41.182 

—0.584 
—0.397 
—0.193 
0.000 
4  0.196 
40.293 
40.390 
40.487 
40.493 
40.5»-8 
40.593 
40.688 
-J-0.690 
40.788 
4-0.881 
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(••*) 

(3) 

1.335 
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1.243 

1.312 

1.352 

1.317 

1.25:3 

1.316 

1.259 

1.313 

1.269 

1.30S 

1.274 

1.308 

1.288 

1.312 

1.304 

1.317 

1.306 

1.315 

1.326 

1.314 

1.332 

1.315 

1.397 

1.314 

1.446 

1.320 

1.376 

1.479 

1.382 

1.478 

1.396 

1.491 

1.395 

1.479 

1.400 

1.474 

1.423 

1.479 

1.461 

1.480 

(4)  (5) 


4-0.984     I     0.3430 


—0.394 
—0.198 
—0.002 
+0.195 
+0..-;97 
-t-0.490 
-i-0.590 
+0.687 
4-0.(189 
4-0.784 
+0.785 
+0.889 
+0.985 

—0.390 
—0.200 
■0.001 
0.197 
0.396 
0.589 
+0.780 


0.4644 
0.4620 
0.4615 
0.4561 
0.4481 
0.4451 
0.4405 
0.4332 
0.4301 
0.4345 
0.4330 
0.3907 
0.3734 

0.4787 
0.4753 
0.4746 
0.4688 
0.4635 
0.4555 
0.4381 


Baziri's  Series 
No.  121. 


0.386 

0.338 

0.387 

0..339 

0.388 

0.329     : 

0.388 

0.330     i 

0.389 

0.331      : 

0.395 

0.329     : 

0.423 

0.338 

0.496 

0.325 

0.5H1 

0.333 

0.667 

0.331 

0.538 

0.495 

0.542 

0.492 

0.546 

0.493 

0.547 

0.492 

0..550 

0.493 

0.550 

0.495 

0.555 

0.494 

0..562 

0.494 

0..579 

0.494     t 

0.634 

0.493     1 

0.709 

0.494     1 

0.780 

0.494     1 

0.689 

0.660 

0.690 

0.661 

0.699 

0.661 

0.701 

0.659 

o.rii 

0.660 

0.716 

0.659 

0.733 

0.658 

0.768 

0.661 

0.841 

0.661 

0.911 

0.657 

0.988 

0.658 

0.839 

0.824 

0.839 

0.885 

0.a39 

0.823 

0.847 

0.829 

0.853 

0.828 

0.863 

0.827 

0.871 

0.828 

0.875 

0.819 

—0.193 
—0.096 
+0.041 
+0.086 
-1-0.183 
+0.271 
+0.371 
+0.460 
+0.564 
+0.655 

-0.463 
-0.374 

—0.187 
—0.001 
+0.087 
+0.184 
+0.273 
+0.369 
+0.455 
+0.557 
-1-0.647 
+0.735 

—0.175 
—0.001 
+0.184 
+0.281 
+0.370 
+0.459 
+0.561 
+0.649 
+0.742 
+0.833 
+0.939 

+0.001 
—0.181 
—0.381 
—0.368 
-0.458 
--0.557 
—0.618 
40.654 


0.3395 
0.3395 
0.3383 
0.3398 
0.3391 
0.3295 
0.3963 
0.2288 
0.1883 
0.1516 

0..3760 
0.3714 
0.3681 
0.3665 
0.3633 
0.3653 
0.3604 
0.3533 
0.3383 
0.3999 
0.2493 
0.2158 

0.3987 
0.3993 
0.3917 
0.3878 
0.3809 
0.3758 
0.3635 
0.3405 
0.2969 
0.2605 
0.2308 

0.4219 
0.4147 
0.4127 
0.4111 
0.4076 
0.3993 
0.3934 
0.3852 


(1) 

(3) 

1 
(3) 

0.825 

9 

0.906  • 

10 

0.975 

0.828 

11 

1.040 

0.823 

13 

1.112 

0.823 

13 

1.189 

0.836 

1 

0.961 

0.986 

3 

0.968 

0.991 

3 

0.967 

0.986 

4 

0.979 

0.987 

5 

0.986 

0.987 

6 

1.001 

0.988 

7 

1.020 

0.989 

8 

1.019 

0.989 

9 

1.047 

0.985 

10 

1.113 

0.992 

11 

1.177 

0.989 

13 

1.248 

0.989 

13 

1.314 

0.984 

1 

1.093 

1.147 

3 

1.100 

1.150 

3 

1.105 

1.151 

4 

1.115 

1.152 

5 

1.121 

1.150 

6 

1.134 

1.151 

7 

1.158 

1.152 

8 

1.168 

1.147 

9 

1.187 

1.150 

10 

1.255 

1.150 

11 

1.315 

1.151 

12 

1.381 

1.151 

13 

1.439 

1.149 

1 

1.230 

1.317 

2 

1.237 

1.316 

3 

1.242 

1.314 

4 

1.257 

1.315 

5 

1.268 

1.309 

6 

1.294 

1.311 

7 

1.344 

1.311 

8 

1.371 

1.316 

9 

1.398 

1.313 

10 

1.453 

1.314 

11 

1.509 

1.315 

1 

1.336 

1.478 

2 

1.376 

1.474 

3 

1.395 

1.485 

4 

1.405 

1.477 

5 

1.441 

1.476 

6 

1.495 

1.478 

7 

1.542 

1.478 

8 

1.587 

1.477 

+0.732 
+0.833 
+0.933 
41.030 
+1.113 

+0.178 
+0.281 
+0.375 
+0.463 
+0.558 
+0.652 
-1-0.744 
4-0.745 
40.829 
-+0.923 
+1.017 
+1.113 
+1.205 

+0.281 
+0.368 
+0.464 
+0.554 
+0.651 
+0.736 
+0.828 
+0.876 
+0.925 
4-1.018 
+1.113 
+1.304 
+1.293 

+0.462 
+0.557 
+0.653 
+0.743 
+0.834 
-1-0.923 
+1 .020 
+1.063 
+1.115 
+1.304 
+1.294 

+0.659 
+  0.747 
+0.829 
+  0.932 
+1.024 
+1.114 
4-1  .'203 
+1.292 


(5) 


Mr.  Nelles. 


0.3700 
0.3322 
0.2994 
0.2710 
0.2455 

0.4432 
0.4400 
0.4377 
0.4315 
0.4269 
0.4173 
0.4067 
9.4073 
0.3894 
0.3583 
0.3289 
0..3(X)7 
0.2760 

0.4597 
0.4569 
0.4544 
0.4489 
0.4439 
0.4.368 
0.4335 
0.4154 
0.4054 
0.3751 
0.3493 
0.3249 
0.8051 

0.4742 
0.4693 
0.4654 
0.4586 
0.4484 
0.4358 
0.4126 
0.4024 
0.3890 
0.36&4 
0.3479 

0.4995 
0.4763 
0.4731 
0.4628 
0.4447 
0.4322 
0.4029 
0.3861 


Hnzin'8  Series 
No.  133. 


1 

0.360 

0.a30 

2 

0.353 

0.322 

3 

0.361 

9.328 

4 

0.371 

0.330 

5 

0.373 

0.327 

6 

0.376 

0.337 

1 

0.495 

0.502 

3 

0.495 

0.489 

3 

0.504 

0.494 

4 

0.515 

0.495 

—0.187 
—0.098 
0.000 
+0.095 
+0.192 
4-0.294 

—0.381 
—0.198 
—0.002 
+0.198 


0.3792 
0.3780 
0.3755 
0.3639 
0.3571 
0.3681 

0.4354 
0.4187 
0.4155 
0  4a36 
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(1) 


(3) 


0.523 
0.579 
0.756 

0.631 
0.634 
0.640 
0.644 
0.fc54 
0.718 
0.808 

0.751 
0.768 
0.766 
0.771 
0.779 
0.841 
0.853 
0.887 
0.931 
1.016 

0.880 
0.879 
0.884 
0.890 
0.889 
0.897 
0.9ia 
0.960 
0.984 
1.006 
1.027 
1.059 
1.099 
1.135 
1.231 

1.009 
1.U13 
1.031 
1.077 
1.118 
1.152 
1.206 
1.234 
1.264 
1.344 

1.144 
1.202 
1.242 
1.270 
1.303 
1.354 

1.348 
1.370 
1.393 
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0.493 
0.492 
0.494 

0.658 
0.658 
0.657 
0.650 
0.654 
0.655 
0.658 

0.813 
0.824 
0.821 
0.819 
0.813 
0.823 
0.812 
0.817 
0.823 
0.815 

0.987 
0.980 
0.983 
0.991 
0.982 
0.978 
0.986 
0.983 
0.986 
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0.983 
0.978 
0.986 
0.984 
0.985 
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1.147 
1.148 
1.151 
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1.147 
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1.149 
1.152 
1.149 

1.307 
1 .313 
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1.312 
1.312 
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1.479 
1.479 
1.476 
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+0.293 
-1-0.390 

+0.488 

—0.401 
—0.199 
0.000 
+0.197 
-f0.S92 
+0.396 
+0.596 

—0.590 
—0.393 
—0.199 
+0.002 
+  0.196 
+0.299 
+0.387 
+0.489 
+0.592 
+0.784 

-0.791 
—0.589 
-0.411 
—0.398 
—0.199 
—0.001 
+0.095 
-1-0.196 
+0.291 
+0.391 
+0.490 
4-0.587 
+0.647 
+0.784 
4-0.977 

—0.585 
—0.408 
—0.201 
+0.001 
+0.192 
-1-0.388 
+0.585 
-1-0.688 
4-0.783 
-t-0.980 

—0.401 
—0.201 
—0.006 
+0.255 
+0.387 
-fO.595 

—0.895 
—0.192 
+0.004 


(5) 

(1) 

0.3923 

1 

0.3352 

3 

0.2259 

3 

4 

0.4529 

^ 

0.4505 

6 

0.4476 

7 

0.4324 

H 

0.4251 

9 

0.3713 

10 

0.3130 

11 

12 

0.4805 

0.4784 

1 

0.4733 

2 

0.4667 

3 

0.4543 

4 

0.4136 

5 

0.3959 

6 

0.3758 

7 

0.3541 

H 

0.30.59 

9 

0.5064 
0.5117 
0.5001 
0.5010 
0.4946 
0.4859 
0.4792 
0.4412 
0.4279 
0.4114 
0.3991 
0..3784 
0.3624 
0.3447 
0..3048 

0.5214 
0.5150 
0.5118 
0.4722 
0.4453 
•0.4227 
0.3983 
0.3839 
0.3715 
0.-^374 

0.5221 
0.4892 
0.4644 
0.4497 
0.4322 
0.4087 

0.4934 
0.4819 
0.4683 


Series  No.  13S. 


0.355 

0.331     1 

0.358 

0..S30 

0.854 

0.327 

0.362 

0..329 

0.361 

0..327 

0.370 

0.331 

0.382 

0.327 

0.438 

0.330 

-0.282 
—0.188 
—0.092 
+0.003 
+0.094 
-1-0.18(1 
+0.279 
+0.365 


0.3885 
0.3845 
0.3827 
0.3758 
0..S729 
0.8654 
0.3420 
0.2792 
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0.496 
0.494 
0.496 
0.497 
0.496 
0.505 
0.505 
0.516 
0.537 
0..599 
0.655 
0.721 

0.622 
0.&S2 
0.627 
0.639 
0.634 
0.641 
0.657 
0.707 
0.756 
0.806 
0.861 

0.755 
0.762 
0.760 
0.766 
0.782 
0.832 
0.869 
0.902 
0.948 
0.998 
1.060 

0.884 
0.894 
0.623 
0.959 
0.983 
1.018 
1.059 
1.090 
1.134 
1.186 

1.068 
1.100 
1.123 
1.141 
1.177 
1 .205 
1.236 
1.283 
1.321 
1.387 

1.248 
1.269 
1.290 
1 .318 
1.347 
1.887 
1.423 
1.475 

1.406 
1.417 
1.444 
1.465 
1.498 
1..526 
1.572 


(3) 


0.502 
0.494 
0.500 
0.499 
0.494 
0.494 
0.493 
0.499 
0.503 
0.501 
0.496 
0.501 

0.658 
0.666 
0.658 
0.663 
0.657 
0.657 
0.657 
0.658 
0.658 
0.665 
0.662 

0.832 
0.823 
0.819 
0.818 
0.822 
0.819 
0.824 
0.825 
0.835 
0.817 
0.825 

0.987 
0.993 
0.987 
0.981 
0.995 
0.986 
0.995 
0.984 
0.983 
0.984 

1.153 
1.149 
1.158 
1.150 
1.154 
1.152 
1.155 
1.157 
1.148 
1.152 

1.314 
1.317 
1.314 
1.317 
1.317 
1.315 
1 .315 
1.324 

1.480 
1.481 
1.478 
1.483 
1.479 
1.478 
1.477 


(*) 


—0.373 
—0.284 
—0.184 
-0.091 
-4-0.005 
+0.095 
+0.181 
+0.280 
+0.3.0 
+0.466 
+0.561 
+0.649 

—0.181 
—0.091 
—0.002 
+0.090 
+0.179 
+0.269 
-f  0.368 
+0.467 
+0.557 
+0.650 
+0.740 

-hO.OOl 
+0.097 
-1-0.196 
-HO. 272 
+0.:-i68 
4-0.469 
4-0.559 
-hO.649 
+0.742 
+0.843 
-1-0.928 

+0.182 
+0.277 
-1-0.369 
+0.462 
+0.557 
+0.648 
+0.740 
+0.838 
+0.932 
+1.016 

+0.365 
+0.466 
+0.557 
+0.651 
4-0.743 
+0.839 
+0.923 
+1.018 
-4-1.112 
+1.308 

+  0.559 
+0.653 
+0.746 
+  0.835 
-+0.923 
+1.021 
+1.110 
+  1.203 

+0.655 
+0.745 
-[-0.831 
+0.1126 
+1.018 
+1.110 
+1.203 


(5) 
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Mr.  Nelles.  "In  the  experimeuts  with  weirs  in  thin  partition,  we  have  had 
recourse  to  Equations  11  and  12  "  (page  270)  ,  "  to  deduce  the  value  of 
the  coefficient  m,  but  the  presence  of  the  sill  introduces  such  compli- 
cations that  these  equations  are  no  longer  perfectly  applicable.  The 
constants,  which  appear  in  the  equations,  vary  so  greatly  with  the 
head  and  width  of  crest,  that  it  becomes  impossible  to  establish  a 
simple  and  practical  formula. 

"  We  must,  therefore,  content  ourselves  with  a  general  resrnne  in  a 
table  showing  the  heads  on  the  four  weirs  under  consideration,  corre- 
sponding to  constant  discharges  and  varying  elevation  of  the  water 
surface  below  the  weirs.  The  corresponding  head,  where  the  flow  is 
not  affected  by  the  retained  water,  is  also  shown." 

"We  see  that  for  the  same  discharge  the  heads  vary  notably  from 
one  weir  to  the  other.  The  question  is  singularly  complicated  by  the 
detachment  of  the  nappe,  which  leaves  the  sill  when  the  head  attains 
certain  limits  depending  on  the  width  of  the  crest.  The  head  and 
coefficient  are  then  modified  suddenly.  This  limit  dej^ends  on  the 
height  of  the  retained  water,  and  is  not  the  same,  even  under  fixed  con- 
ditions. We  cannot  therefore,  establish  as  precise  formulas  as  in  the 
more  simjile  case  of  the  flow  over  weirs  in  thin  i^artition." 

Bazin's  Experiments. — Series  No.  124. 

Nappe  wetted  underneath,  with  water  retained  in  pool  below  weir. 
Height  of  weir  under  observation,  0.7.5  m.  =  2.46  ft.  Width  of  crest, 
2.0  m.  ==  6.56  ft.     Length,  2.0  m.  =  6.56  ft. 

Height  of  standard  weir  of  comparison,  0.75  m.  =:  2.46  ft.  Length, 
2.0  m.  =6.56  ft. 


(1)         (3) 


(3) 


(4) 


(5) 


(1) 


(2) 


(3) 


(*) 


(5) 


Bazin's  Series  No.  12h. 


0..398 

0.325 

4-0.098 

0.3199 

1 

0.961 

0.815 

0.403 

0.330 

- -0.197 
- -0.299 

0.3227 

3 

0.966 

0.814 

0.399 

0.325 

0.3187 

3 

0.971 

0.820 

0.451 

0.328 

- -0.394 
- -0.491 

0.2678 

4 

1.024 

0.817 

0.526 

0.326 

0.2111 

5 

1.094 

0.814 

6 

1.170 

0.812 

0.598 

0.494 

4-0.295 

0.3228 

0.590 

0.492 

-1-0.393 

0.3264 

1 

1.158 

0.990     1 

0.609 

0.492 

-hO.498 

0.3114 

2 

1.157 

0.986     1 

0.668 

0.490 

4-0.594 

0.2684 

3 

1.180 

0.991 

0.748 

0.489 

4-0.686 

0.2263 

4 
5 

1.232 
1.298 

0.985 
0.981 

0.777 

0.655 

- -0.447 

0.3301 

0.781 

0.657 

- -0.603 

0.3288 

1 

1.343 

1.148 

0.811 

0.656 

-0.691 

0.3099 

2 

1.352 

1.149 

0.890 

0.658 

- -0.796 

0.2709 

3 

1.370 

1.148 

0.961 

0.660 

-f-0.890 

0.2423 

4 

1.441 

1.149 

4-0.593 
4-0.692 

4-0.792 
4-0.890 
4-0.989 
-1-1.084 

+0.794 
0.895 
0.993 
1.091 

-hi. 183 

4-0.985 
-1-1.078 
4-1.180 
4-1.276 


0.g325 
0.3289 
0.3399 
0.3034 
0.2736 
0.3462 

0.3364 
0.3355 
0.3266 
0.3048 

0.2798 

0.3379 
0.3.351 
0.2'^?7 
0.3043 
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In  his  Gth  and  last  article  Bazin  discusses  the  flow  over  submerged  Mr.  NelJcs. 
weirs,  with  sloping  faces  and  crests  of  different  widths  and  forms,  and 
gives  the  results  of  11  series,  consisting  of  724  individual  observations. 
The  methods  used  were  similar  to  those  already  described  for  weirs  of 
squared  timbers  (beam  weirs).     Bazin  says  of  these  experiments: 

"  It  now  remains  to  terminate  that  which  concerns  the  flow  over 
weirs  with  sloping  faces  by  describing  the  ex^Deriments  made  with 
water  retained  below  the  weirs. 

"They  form  11  series,  three  on  weirs  with  sharp  crest,  seven  on 
weirs  with  crest  0.20  m.  (0.66  ft.)  wide,  one  on  weirs  with  crest  0.40  m. 
(1.32  ft.)  wide." 

Bazin's  Experiments. — Series  Nos.  195  to  197. 

Nappe  wetted  underneath,  with  water  retained  in  pool  below  weir. 

Description  of  weirs  under  observation:  Height,  0.75  m.  =  2.46  ft. 
Length,  2.0  m.  =  6.56  ft.  Crest  sharp.  Upper  face  vertical,  lower 
face  sloping. 

Dimensions  of  standard  weir  used  for  measuring  the  discharge: 
Height,  1.135  m.  =  3.72  ft.     Length,  2.0  m.  =  6.56  ft. 


(1) 


(!«) 


(3) 


Observed  Heads 
IN  Feet. 


On  the 
weir 
under 
consid- 
eration. 
(h) 


On  the 
stand- 
ard weir 
of  com- 
parison . 
(H) 


(4) 


JS  to 

-3  3 

■S2g^ 


^<2  I  I 

O   tn 


-55 

'S  is 

K 


(5) 


COEFFI 

cients  of 

Dis- 
charge 


For  the 

Bazin 

formula. 


Bazin's  Series  No.  195. 


t 

\ 

./^/.-ik 

0.308 

0.331 

0.318 

0..336 

0.337 

0.338 

0.383 

0.331 

0.419 

0.331 

0.453 

0.490 

0.461 

0.493 

0.465 

0.489 

0.488 

0.491 

0.510 

0.497 

0.533 

0.495 

0.556 

0.500 

0.594 

0.490 

0.605 

0.654 

—0.196 

— o.oor 

- -0.103 
- -0.198 
- -0.396 

—0.396 
—0.194 
—0.004 
-1-0.100 
- -0.198 
--0.199 
--0.297 
-1-0.403 

—0.593 


0.4785 
0.4483 
0.4163 
0.3493 
0.3046 

0.4808 
0.4736 
0.4613 
0.4315 
0.4131 
0.3830 
0.3655 
0.3216 

0.4800 


(1) 


SS 


(3) 


(3) 


Observed  Heads 
IN  Feet. 


On  the 
weir 
under 
consid- 
eration. 
(h) 


0.600 
0.610 
0.630 
0.634 
0.650 
0.674 
0.703 
0.733 
0.806 

0.743 
0.750 
0.746 
0.758 
0.793 
0.844 
0.863 
0.930 
1.024 

0.885 
0.886 
0.901 
0.908 
0.941 
1.016 


On  the 
stand- 
ard weir 
of  com- 
parison. 


0.653 
0.654 
0.654 
0.660 
0.653 
0.654 
0.660 
0.656 
0.656 

0.819 
0.817 
0.817 
0.812 
0.815 
0.815 
0.813 
0.814 
0.818 

0.976 
0.973 
0.988 
0.979 
0.984 
0.983 


(*) 


f  a) 

(V  " 

9  9  aj  fe-' 

5 fell  II 


—0.391 
—0.300 
-1-0.006 
—0.098 
0.303 
0.394 
H-0.397 
-1-0.403 
40.591 

—0.743 
— 0.3P3 
-0.196 

—0.002 

+0.198 

0.295 

0.392 

+0.593 

0.789 

—0.788 
—0.385 
—0.199 
+0.003 
-fO.208 
4-0.403 


(5) 


Coeffi- 
cients OF 

Dis- 
charge. 


For  the 

Bazin 

formula. 

(m) 


0.4843 
0.4746 
0.4619 
0.4.536 
0.4388 
0.4077 
0.3886 
0.3617 
0.3130 

0.49ir 
0.4837 
0.4873 
0.4722 
0.4443 
0.4041 
0.3897 
0.3489 
0.3041 

0.4916 
0.4906 
0.4905 
0.4783 
0.4567 
0.4048 
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Mr.  Nellos. 


(1) 

(») 

(3) 

7 

1.021 

0.983 

8 

1.070 

0.978 

9 

1.144 

0.982 

10 

1.341 

0.986 

1 

1.043 

1.147 

a 

1.041 

1.148 

3 

1.051 

1.156 

4 

1.05S 

1.150 

5 

1.095 

1.152 

6 

1.171 

1.149 

7 

1.210 

1.144 

« 

1.217 

1.146 

9 

1.380 

1.156 

10 

1.355 

1.149 

1 

1.189 

1.317 

!i 

1.190 

1.311 

3 

1.226 

1.313 

4 

1.242 

1.313 

5 

1.309 

1.307 

6 

1.358 

1.312 

7 

1.412 

1.314 

1 

1.836 

1.474 

a 

1.345 

1.475 

3 

1.409 

1.474 

4 

1.449 

1.467 

(*) 


+0.402 
+0.600 
4-0.795 
-i-0.986 

—0.582 
—0.389 
—0.197 
0.000 
+0.208 
+0.406 
+0.593 
+0.599 
+0.793 
+0.786 

—0.396 
—0.195 

+0.004 
+0.197 
+0.393 
+0.598 
+0.790 

—0.192 
+0.004 
+0.204 
+0.888 


(5) 


Bazhi's  Series  No.  196. 


0.337 

0.326 

0.328 

0.325 

0.342 

0.326 

0.360 

0.323 

0.407 

0.330 

0.468 

0.323 

0.484 

0.486 

0.485 

0.491 

0.495 

0.491 

0.507 

0.492 

0.533 

0.487 

0.570 

0.491 

0.637 

0.487 

0.642 

0.556 

0.655 

0.649 

0.664 

0.654 

0.680 

0.653 

0.700 

0.6.53 

0.748 

0.659 

0.801 

0.654 

0.865 

0.657 

0.804 

0.819 

0.812 

0.819 

0.834 

0.830 

0.841 

0.817 

0.873 

0.818 

0.902 

0.819 

0.983 

0.830 

1.039 

0.819 

0.964 

0.985 

0.985 

0.983 

1.005 

0.985 

1.029 

0.981 

1.065 

0.984 

—0.200 
-0.006 
+0.097 
+0.199 
+0.389 
+0.393 

—0.200 
—0.001 
+0.097 
+0.189 
+0.293 
+0.392 
+0.493 


+0.001 
+0.194 
0.207 
0.396 
0.395 
+0.493 
+0.599 
+0.688 


% 


0.000 
+0.197 

+0.287 
f 0.385 
+0.491 
+0.580 
+0.693 
+0.781 

+0.198 
+0.393 
+0.493 
+0.586 
-(-0.691 


0.4033 
0.3734 
0.3390 
0.3019 

0.4935 
0.4944 
0.4931 
0.4848 
0.4614 
0.4154 
0.3919 
0.3904 
0.3664 
0.3336 

0.4994 
0.4958 
0.4753 
0.4658 
0.4274 
0.4070 
0.3847 

0.4970 
0.4926 
0.4599 
0.4371 


0.4312 
0.4286 
0.4036 
0.3702 
0.3167 
0.2486 

0.4319 
0.4353 
0.4227 
0.4081 
0.3753 
0.3423 
0.3857 

0.4364 
0.4203 
0.4163 
0.4004 
0.3838 
0.8558 
0.3138 
0.3816 

0.4371 
0.4316 
0.4315 
0.4078 
0.3863 
0.3676 
0.3340 
0.3030 

0.4414 
0.4335 
0.4126 
0.3963 
0.3789 


(1) 

(2) 

(3) 

(*) 

6 

1.146 

0.983 

+0.785 

7 

1.196 

0.983 

- -0.886 

8 

1.339 

0.981 

-1-0.983 

1 

1.119 

1.152 

+0.195 

3 

1.131 

1.150 

+0..386 

8 

1.147 

1.143 

+0.490 

4 

1.164 

1.146 

+0.594 

5 

1.199 

1.146 

+0.697 

6 

1.230 

1.149 

+0.789 

7 

1.287 

1.150 

+0.893 

8 

1.358 

1.147 

+0.980 

9 

1.414 

1.153 

+1.091 

1 

1.281 

1.318 

+0.389 

2 

1.311 

1..311 

+0.557 

3 

1.330 

1.306 

+0.682 

4 

i.mr 

1.311 

-0.783 

0 

1.890 

1.313 

U0.880 

6 

1.434 

1.314 

-0.977 

Bazin''s  Series  No.  197. 


0.355 

0.335 

0.884 

0.325 

0.454 

0.326 

0.595 

0.327 

0.527 

0.491 

0.552 

0.494 

0.595 

0.491 

0.675 

0.491 

0.751 

0.490 

0.698 

0.655 

0  711 

0.655 

0.750 

0.652 

0.792 

0.653 

0.894 

0.653 

0.967 

0.655 

0.862 

0.815 

0.876 

0.812 

0.910 

0.812 

0.956 

0.810 

1.018 

0.818 

1.047 

0.809 

1.192 

0.815 

1.038 

0.985 

1.043 

0.976 

1.077 

0.986 

1.113 

0.977 

1.170 

0.983 

1.351 

0.981 

1.333 

0.986 

1.316 

1.149 

1.3.33 

1.173 

1.378 

1.146 

1.326 

1.145 

1.372 

1.146 

1.460 

1.146 

1.374 

1.803 

J  .404 

1.311 

1.429 

1.304 

1.478 

1.311 

+0.195 
+0.395 
+0.397 
+0.494 

+0.294 

4-0.397 
-fO.498 
+0.594 
+0.691 

+0.403 
+0.494 
+0.589 
+0  694 
+0.795 
+0.887 

—0.494 

--0..563 

0.693 

0.791 

0.888 

— 0.M»3 

- -1.092 

+0.600 
0.690 
■0.792 
0.885 
- -0.988 
- -1.084 
1.176 

+0.792 

+0.882 
4-0.995 
4-1.091 
+1.180 
4-1.279 

+0.882 
+0.985 
+1.082 
-f-].l82 
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Bazin's  Expebiments. — Series  Nos.  198  to  208.  Mr.  Neiies. 

Nappe  wetted  underneath,  witli  water  retained  in  pool  below  weir. 
Descrijjtion  of  weirs  under  observation:  Height  0.75  m.  =  2.46  it. 
0.35  m.  =  1.15  ft.  Length  2.0  m.  =  6.56  ft.  Crest  0.20  m.  =  0.66  ft. 
wide.     Upper  and  lower  faces  inclined. 


(3) 


(3) 


(4) 


(5) 


Bazin's  Series  No.  198. 
o.'ee 


0.370 
0.380 
0.379 
0.376 
0.383 
0.431 
0.530 

0.543 
0.536 
0.539 
0.553 
0.559 
0.590 
0.671 

0.683 
0.711 
0.691 
0.698 
0.733 
0.743 
0.806 
0.895 
0.973 

0.833 
0.8:<1 
0.854 
0.839 
0.864 
0.815 
0.868 
0.858 
0.888 
0.96:^ 
1.035 
1.115 

0.954 
0.9.54 
0.963 
0.973 
0.995 
0.985 
1.011 
1.039 
1.119 
1.196 
1.193 
1.358 


0.337 
0.334 
0.336 
0.338 
0.336 
0.338 
0.338 

0.497 
0.496 
0.495 
0.501 
0.495 
0.496 
0.492 

0.656 
0.660 
0.657 
0.656 
0.661 
0.658 
0.655 
0.657 
0.659 

0.823 
0.819 
0.833 
0.818 
0.82t 
0.M33 
0.818 
0.823 
0.818 
0.830 
0.833 
0.822 

0.981 
0.976 
0.980 
0.986 
0.983 
0.987 
0.986 
0.985 
0.988 
0.985 
0.985 
0.989 


+0.098 
4-0.144 
+0.147 
+0.197 
4-0. 395 
+0.394 
+0.492 

+0.197 
+0.198 
+0.340 
+0.389 
-1-0.403 
+0.493 
+0.592 

+0.198 
+0.395 
+0.397 
4-0.438 
-1-0.509 
+0.589 
+0.687 
-1-0.789 
+0.888 

+0.299 

+0.395 

—0.488 

■0.491 

0.543 

0.544 

0.591 

0.592 

+0.686 

•0.788 

0.879 

+0.994 

+0.300 
+0.395 
+0.490 
+0..592 
-1-0.598 
-fO.635 
4-0.692 
4-0.789 
40.884 
+0.983 
+0.991 
+1.083 


0.3603 
0.3549 
0.3000 
0.3,539 
0.3402 
0.3856 
0.3156 

0.3757 
0.3804 
0.3758 
0.31)50 
0.3559 
0.3305 
0.2743 

0.4007 
0.3802 
0.3933 
0.3873 
0.3717 
0.3546 
0.3115 
0.3675 
0.2372 

0.4231 
0.4161 

0.4018 
0.4088 
0.3962 
0.4074 
0.3888 
0.3983 
0.3756 
0.3331 
0.3015 
0.3694 

0.4432 
0.4401 
0.4369 
0.4335 
0.4174 
0.4266 
0.4103 
0.3929 
0.3536 
0.3179 
0.3193 
0.3909 


(1) 

(3) 

(3) 

1 

1.093 

1.148 

3 

1.093 

1.144 

3 

1.105 

1.149 

4 

1.115 

1.148 

5 

1.137 

1.144 

6 

1.131 

1.147 

7 

1.150 

1.148 

8 

1.189 

1.149 

9 

1.281 

1.148 

10 

1.854 

1.146 

11 

1.410 

1.148 

1 

1.226 

1.313 

3 

1.227 

1.310 

3 

1.239 

1.313 

4 

1.268 

1.311 

5 

1.348 

1.313 

6 

1.381 

1.313 

7 

1.359 

1.311 

8 

1.388 

1.310 

9 

1.291 

1.316 

10 

1.306 

1.314 

11 

1.573 

1.314 

13 

1.327 

1.309 

1 

1.362 

1.475 

2 

1.376 

1.471 

3 

1.424 

1.477 

4 

1.418 

1.476 

(4) 


+0.397 
+0.496 
+0.593 
+0.689 
—0.691 
- -0.745 
- -0.788 
—0.884 
- -0.979 
—1.087 
—1.183 

+0  494 

+0.593 

0.689 

—0.740 

—0.741 

0.785 

0.786 

0.835 

+0.841 

+0.8S8 

+0.983 

4-1.083 

+0.594 

4-0.784 
+0.887 
4-0.887 


(5) 


Bazin's  Series  No.  199. 
o.'ae 


0.375 

0.337 

0.376 

0.331 

0..378 

0.327 

0.380 

0.326 

0.419 

0.330 

0.491 

0.330 

0.581 

0.332 

0.536 

0.500 

0.535 

0.493 

0.537 

0.497 

0.557 

0.501 

0.566 

0.490 

0.633 

0.495 

0.696 

0.493 

0.670 

0.655 

0.676 

0.656 

0.674 

0  656 

0.688 

0.656 

0.697 

0.651 

0.736 

0.656 

0.748 

0.656 

—0.190 

+0.001 
+0.178 
+0.276 
-f  0.376 
-4-0.460 
+0.561 

—0.002 
--0.164 
- -0.373 
- -0.366 
4-0.4tiO 
-t-0.565 
-hO.649 

+0.002 
40.176 
40.273 
+0.373 
+0.466 
40.561 
40.644 


0.4601 
0.4575 
0.4533 
0.4458 
0.4307 
0.4355 
0.4331 
0.4057 
0.3613 
0.3378 
0.3131 

0.4738 
0.4714 
0.4664 
0.4501 
0.4630 
0.4433 
0.4541 
0.4.383 
0.4397 
0.4314 
0.4001 
0.3685 

0.4816 
0.4744 
0.4529 
0.4560 


0.3516 
0.3560 
0.3474 
0.3446 
0.30-3 
0.2300 
0.1868 

0.3855 
0.3779 
0.3800 
0.3865 
0..3453 
0.3031 
0.2552 

0.4101 
0.4060 
0.4084 
0.39.50 
0.3842 
0.3651 
0.3491 
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Mr.  NeUes. 

(1) 
8 

(») 

(3) 

(*) 

(5) 

(1) 
3 

(») 

(3) 

(4) 

(5) 

0.824 

0.657 

+0.742 

0.3023 

0.387 

0.834 

+0.234 

0.3456 

9 

0.903 

0.655 

+0.838 

0.2627 

4 

0.383 

0.329 

- -0.235 

0.3448 

10 

0.989 

0.660 

+0.933 

0.2314 

5 
6 

0.387 
0.392 

0.329 
0.826 

- -0.282 
- -0.292 

0.3382 
0.3278 

1 

0.806 

0.821 

+0.095 

0.4370 

7 

0.405 

0.331 

+0.331 

0.3202 

2 

0.799 

0.811 

+0.271 

0.4344 

8 

0.4.37 

0.832 

4-0.391 

0.2850 

3 

0.809 

0.810 

+0.367 

0.4259 

9 

0.518 

0.326 

4-0. 49i 

0.2146 

4 

0.827 

0.821 

+0  464 

0.4202 

10 

0.616 

0.330 

4-0.591 

0.1696 

5 

0.834 

0.823 

+0.504 

0.4161 

6 

0.839 

0.821 

-f0.519 

0.4103 

1 

0.550 

0.502 

H-0.092 

0.3724 

7 

0.848 

0.820 

40.568 

0.4035 

2 

0.544 

0.497 

+0.189 

0.3726 

8 

0.855 

0.815 

40.681 

0.3949 

3 

0.544 

0.494 

40.255 

0.b701 

9 

0.880 

0.813 

+0.736 

0.3771 

4 

0.544 

0.492 

-0.291 

0.3679 

10 

0.947 

0.817 

40.837 

0.3401 

5 

0.557 

0.496 

-0.384 

0.3595 

11 

1.018 

0.811 

+0.923 

0.3019 

6 

0.561 

0.5C2 

-0.387 

0.3610 

12 

1.094 

0.814 

+1.013 

0.2725 

7 

0.567 

0.494 

- 

-0.435 

0.3473 

8 

0.569 

0.493 

-0.437 

0.3447 

1 

0.932 

0.983 

40.279 

0.4608 

9 

0..569 

0.497 

- -0.457 

0.3489 

2 

0.941 

0.985 

+0.367 

0.4557 

10 

0.590 

0.496 

—0.490 

0.3299 

3 

0.944 

0.980 

40.465 

0.4495 

11 

0.584 

0.495 

- -0.494 

0.3333 

4 

0.960 

0.980 

+0.557 

0.4382 

12 

0.602 

0.499 

- -0.533 

0.3229 

5 

0.976 

0.981 

+0.646 

0.4281 

13 

0.666 

0.496 

- -0.587 

0.2743 

6 

0.993 

0.976 

40.740 

0.4153 

14 

0.749 

0.495 

—0.682 

0.2294 

7 

1.019 

0.979 

+0.837 

0.4003 

15 

0.839 

0.491 

- -0.787 

0.1908 

8 

1.082 

0.978 

+0.932 

0.3659 

9 

1.146 

0.976 

4-1.016 

0.3350 

1 

0.699 

0.661 

- 

-0.189 

0.3904 

10 

1 .220 

0.979 

+1.108 

0.3057 

2 

0.703 

0.664 

-0.285 

0.3901 

11 

1.305 

0.978 

+1.212 

0.2758 

3 

0.704 

0.661 

-0.386 

0.3865 

4 

0.714 

0.659 

-0.487 

0.3760 

1 

1.061 

1.150 

-\ 

-0.370 

0.4789 

5 

0.722 

0.666 

-0.539 

0.3756 

2 

1.0?0 

1.147 

- 

-0.461 

0.4731 

6 

0.728 

0.657 

-0.566 

0.36.5 

3 

1.085 

1.159 

- 

-0.517 

0.4710 

7 

0.733 

0.655 

-0.590 

0.3590 

4 

1.080 

1.147 

- 

-0.555 

0.4668 

8 

0.734 

0.659 

-0.590 

O..S610 

5 

1.098 

1.149 

- 

-0.653 

0.4559 

9 

0.751 

0.658 

-0.634 

0.3485 

6 

1.111 

1.149 

-0.735 

0.4480 

10 

0.759 

0.657 

-0.635 

0.3421 

7 

1.135 

1.150 

_ 

-0.835 

0.4347 

11 

0.802 

0.657 

-0.687 

0.3144 

8 

1.1.54 

1.151 

_ 

-0.921 

0.4357 

12 

0.894 

0.655 

-0.789 

0.2662 

9 

1.200 

1.143 

_ 

-1.015 

0.3955 

13 

0.970 

0.655 

- 

-0.886 

0.2351 

10 

1.274 

1.146 

_ 

-1.108 

0.3036 

14 

1.050 

0.657 

- 

-0.977 

0.1799 

11 

1.360 

1.150 

_ 

-1.208 

0.3316 

1 

0.840 

0.821 

f-0.187 

0.4102 

1 

1.190 

1.309 

+0.461 

0.4934 

3 

0.837 

0.820 

-0.294 

0.4112 

2 

1.209 

1..S18 

+0.563 

0.4865 

3 

0.837 

0.815 

- 

-0.389 

0.4080 

3 

1.213 

1.305 

-t-0.647 

0.4770 

4 

0.842 

0.815 

-0.491 

0.4035 

4 

1.223 

1.293 

+0.749 

0.4648 

5 

0.852 

0.815 

- 

-0.589 

0.3977 

5 

1.253 

1.314 

+0.842 

0.4.594 

6 

0.869 

0.812 

-0.6871 

0.3818 

6 

1.272 

1.316 

4-0.9.34 

0.4499 

7 

0.880 

0.819 

~ 

-0.6861 
-0.731 

7 

1.294 

1.315 

+1.012 

0.4426 

8 

0.888 

0.817 

- 

0.3744 

8 

1.341 

1.320 

+1.113 

0.4172 

9 

0.903 

0.819 

-0.741 

0.3665 

9 

1.420 

1.311 

+1.206 

0.3792 

10 
11 

0.948 
0.908 

0.823 
0.819 

- 

-0.787 
-0.788 

0.3433 
0.3629 

1 

1.330 

1.469 

_ 

hO.655 

0.4970 

12 

0.931 

0.818 

-0.821 

0.3492 

2 

1.849 

1.478 

- 

-0.736 

0.4911 

13 

1.002 

0.814 

-0.842 

0.3103 

3 

1.355 

1.475 

- 

-0.837 

0.48.59 

14 

1.032 

0.809 

-0.883 

0.2944 

4 

1.373 

1.475 

_ 

-0.917 

0.4765 

15 

1.115 

0.815 

-0.983 

0.2653 

5 

1.389 

1.474 

- 

-1.019 

0.4679 

16 

1.199 

0.820 

-1.092 

0.2398 

6 

1.419 

1.476 

_ 

-1.115 

0.4545 

17 

'     1.274 

0.819 

-1.183 

0.2188 

7 

1.474 

1.476 

_ 

-1 .205 

0.4298 

8 

1.531 

1.472 

- 

hi. 291 

0.4036 

1 

0.978 

0.982 

+0.290 

0.4279 

1 

2 
3 

0.978 
0.983 

0.979 
0.982 

+0.387 
+0.493 

0.4252 
0.4244 

Ba 

zin's  Ser 

es  No.  WO. 

4 

0!'.I87 

0.980 

+0.588 

0.4199 

0.6 

6 

5 

0.997 

0.977 

4-0.686 
4  0.785 

0.4124 
0.4023 

T" 

/w 

6 

1 .012 

0  976 

■.■■'^^Xv^>s^^^ 

7 

1.031 

0.982 

+0.826 
4-0.839 

0.3947 

1 

^  / 

'^^"^^  p^ 

8 

i     1.041 

0.978 

0.3870 

o7 

^Mi 

9 

!     1.044 

0.974 

+0.880 

0.3828 

T 

/ 

\^ 

10 
11 

1     1.082 
1.067 

0.982 
0.979 

4  0.881 
+0.925 

0.3672 
0.3732 

i 

/ 

^~^>>, 

12 
13 

1.144 
1.193 

0.978 
0.976 

+0.933 
+0.983 

0.3358 
0.3144 

1 

2 

0.386 
0.385 

0.335 
0.330 

+0.093 
+0.189 

0.3480 
0.3461 

14 
15 
16 

1 .236 
1.262 
1.339 

0.971 
0.982 
0.979 

+1.048 
+1.077 
4-1.176 

0.29.59 
0.2913 
0.2655 
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(2) 


(3) 


1.120 
1.118 
1.119 
1.125 
1.123 
1.144 
1.1.58 
1.173 
1.236 
1.189 
1.190 
1.209 
1.240 
1.337 
1.410 

1.250 
1.250 
1.254 
1.256 
1.263 
1.274 
1.299 
1.325 
1.379 
1.443 
1.453 
1.466 


1.148 
1.148 
1.146 
1.148 
1.141 
1.149 
1.141 
1.143 
1.141 
1.140 
1.136 
1.135 
1.147 
1.146 
1.148 

1.300 
1.296 
1.297 
1.301 
1.297 
1.296 
1.297 
1.296 
1.296 
1.396 
1.300 
1.305 


(*) 


+0.295 
+0.389 
+0.492 
+0.590 
+0.689 
+0.781 
+0.884 
+0.928 
-1-0.983 
+0.984 
+1.032 
+1.039 
+1.067 
+1.075 
+1.181 

+0.394 

+  0.487 
+0.591 
+0.682 
+0.786 
4-0.888 
+0.951 
+  0.981 
+1.081 
+1.084 
1  133 
1.174 


t 


(5) 


Bazin's  Series  No.  201. 


0.370 

0.327 

0.379 

0.332 

0.889 

0.342 

0.388 

0.340 

0.385 

0.3.33 

0..389 

0.325 

0.413 

0.330 

0.491 

0.343 

0.530 

0.330 

0.535 

0.496 

0.544 

0.509 

0.442 

0.501 

0.539 

0.494 

0.546 

0.502 

0.551 

0.501 

0.547 

0.492 

0.558 

0.491 

0.584 

0.501 

0.632 

0.502 

0.709 

0.500 

0.791 

0.495 

0.687 

0.666 

0.692 

0.669 

0.684 

0.656 

0.682 

0.659 

0.692 

0.661 

0.694 

0.650 

0.712 

6.655 

0.704 

0.654 

0.726 

0.660 

0.730 

0.665 

0.755 

0.661 

-1-0.141 
0.178 
0.231 

+0.234 
0.277 
+0..328 
+0.365 
4-0.462 
4-0.509 

+0.180 
4-0.232 
+0.277 
4-0.326 
+0.364 
+0.418 
4-0.421 
4-0.461 
4-0.512 

+0.565 
+0.657 
+0.7.54 

+0.230 

- -0.274 

0.320 

0.365 

■0.461 

0.516 

•0.582 

+0.565 

0.613 

+0.614 

—0.661 


0.4422 
0.4432 
0.4408 
0.4385 
0.4356 
0.4286 
0.4159 
0.4093 
0.3769 
0.3992 
0.3516 
0.3865 
0.3787 
0.3377 
0.3125 

0.4528 
0.4.507 
0.4496 
0.4501 
0.4440 
0.4380 
0.4261 
0.4128 
0.3892 
0.3636 
0.4011 
0.3844 


0.3600 
0.3566 
0.3560 
0.3532 
0.3462 
0..3297 
0.3085 
0.2522 
0.2119 

0.3817 
0.3822 
0..3799 
0.3747 
0.3765 
0.3691 
0.3644 
0.3525 
0.3384 

0.3094 
0.2527 
0.2112 

0.4051 
0.4034 
0.3987 
0.4037 
0.3964 
0.3856 
0.3744 
0..3772 
0.3687 
0.3692 
0.3480 


(1) 


(3) 


0.784- 
0.&39 
0.914 
0.992 

0.815 
0.819 
0.817 
0.815 
0.839 
0.847 
0.855 
0.854 
0.875 
0.866 
0.910 
0.950 
1.041 
1.077 
1.079 
1.190 

0.950 
0.947 
0.954 
0.952 
0.954 
0.964 
0.956 
0.989 
0.994 
0.991 
1.001 
1.006 
1.035 
1.024 
1.077 
1.075 
1.121 
1.168 
1.237 
1.320 

1.080 
1.085 
1.085 
1.093 
1.108 
1.126 
1.129 
1.158 
1.164 
1.205 
1.244 
1.292 
1.373 

1.204 
1.212 
1.323 
1.221 
1.234 
1.244 
1.261 
1.281 
1.329 
1..377 
1.428 
1.459 
1.503 

1.333 
1.335 


(3) 


0.661 
0.665 
0.664 
0.663 

0.818 
0.819 
0.H19 
0.812 
0.837 
0.820 
0.817 
0.810 
0.823 
0.810 
0.829 
0.819 
0.821 
0.817 
0.819 
0.812 

0.981 
0.979 
0.988 
0.976 
0.983 
0.984 
0.974 
0.982 
0.989 
0.986 
0.976 
0.983 
0.986 
0.990 
0.987 
0.988 
0.983 
0.979 
0.984 
0.983 

1.146 
1.143 
1.146 
1.141 
1.145 
1.1.52 
1.142 
1.153 
1.151 
1.146 
1.150 
1.144 
1.146 

1.300 
1.306 
1.313 
1.299 
1.303 
1.293 
1.305 
1.305 
1.303 
1.303 
1.294 
1.297 
1..304 

1.461 
1.461 


(*) 


+0.700 
+0.748 
4-0.849 
+0.940 

+0.273 

4-0.337 

4-0.367 

4-0.469 

-1-0.561 

0.656 

0.705 

—0.711 

—0.747 

+0.747 

0.7S7 

0.842 

- -0.934 

0.984 

+1.026 

1.126 

+0.325 

4-0. -Wl 

-^0.460 

4-0.507 

4-0.559 

+0.663 

+0.746 

-1-0.792 

—0.794 

—0.791 

—0.839 

0.848 

■0.884 

-1-0.888 

0.931 1 

+0.933) 

0.983 

1.030 

+1.114 

1.219 

+0.467 

+0.561 

—0.658 

0.755 

■0.837 

0.885 

0.936 

0.987 

+0.993 

1.029 

+1.071 

--1.118 

1.233 

+0.567 

-i-0.655 

+0.739 

■0.841 

—0.9.39 

- -0.987 

1.035 

1.077 

1.120 

1.170 

+1.222 

—1.264 

+1.314 


* 


0.657 
0.742 


(5) 


Mr.  NeUes. 


0.3283 
0.3081 
0.2632 
0.2324 

0.4262 
0.4249 
0.4265 
0.4221 
0.4150 
0.4041 
0.3964 
0.3923 
0.3877 
0.3816 
0.H694 
0.3395 
0.2973 
0.2800 
0.2686 
0.2396 

0.4457 
0.4463 
0.4481 
0.4412 
0.4442 
0.4383 
0.4269 

0.4219 

0.4095 
0.4102 
0.3955 
0.4046 

0.3739 

0.3335 
0.3269 
0.3016 
0.2732 

0.4661 
0.4602 
0.4624 
0.4541 
0.4474 
0.4419 
0.4334 
0.4234 
0.4192 
0.3953 
0.3789 
0.3546 
0.3246 

0.4791 
0.4781 
0.4757 
0.4690 
0.4634 
0.4531 
0.4503 
0.4393 
0.4146 
0.3934 
0.3684 
0.3588 
0.3455 

0.4911 
0.4905 
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Mr.  Nelles. 


(1) 

(3) 

(3) 

8 

1.337 

1.460 

4 

1.343 

1.458 

5 

1.370 

1.470 

6 

1.3&4 

1.468 

7 

1.405 

1-462 

8 

1.433 

1.463 

9 

1.494 

1.465 

10 

1.541 

1.464 

(*) 


4-0.843 
+0.933 
+1.039 
+1.119 
+1.171 
+1.213 
+1.263 
+1.313 


(5) 


0.4893 
0.4846 
0.4763 
0.4626 
0.4546 
0.4419 
0.4153 
0.3961 


Bazin's  Series  No. 
o.'gg 


i  >^%%%%%%%%%%%%%%%%%%% 


0..380 

0.330 

0.3S3 

0.328 

0.408 

0.339 

0.427 

0.330 

0.471 

0.336 

0.513 

0.329 

0.548 

0.494 

0.553 

0.493 

0.570 

0.493 

0.610 

0.503 

0.646 

0.504 

0.684 

0.506 

0.931 

0.500 

0.703 

0.656 

0.704 

0.657 

(1.707 

0.655 

0.736 

0.605 

0.756 

0.656 

0.833 

0.666 

0.861 

0.661 

0.933 

0.665 

+0.192 
-^0.290 
— 0..345 
—0.394 
—0.439 
- -0.487 


*l 


+0.290 
0.389 
■0.487 
+0.547 
+0.598 
+0.637 
+0.687 

+0.286 
-+-0.388 
+0.479 
40.588 
+0.673 
+0.748 
+0.794 
+0.843 


0.3533 
0.3443 
0.3380 
0.3945 
0.2603 
0.3227 

0.3674 
0.3614 
0.3447 
0.3311 
0.2952 
0.2725 
0.2433 

0.3838 
0.3833 
0.3792 
0.3644 
0.3448 
0.3048 
0.2865 
0.3609 


(1) 


(2) 


0.946 

0.855 
0.853 
0.853 
0.854 
0.858 
0.870 
0.884 
0.910 
0.978 
1.088 
1.176 

1.001 
1.002 
1.003 
1.012 
1.010 
1.026 
1.055 
1.059 
1.109 
1.198 
1.283 
1.375 

1.153 
1.151 
1.151 
1.171 
1.183 
1.201 
1.247 
1.322 
1.454 

1.295 
1.295 
1.302 
1.311 
1.32H 
1.342 
1.385 
1.443 


(3) 


(4) 


0.663 

0.834 
0.820 
0.823 
0.822 
0.824 
0.837 
0.833 
0.835 
0.830 
0.824 
0.832 

0.987 
0.986 
0.984 
0.993 
0.983 
0.989 
0.991 
0.991 
0.988 
0.991 
0.992 
0.993 

1.150 
1.150 
1.151 
1.161 
1.151 
1.154 
1.153 
1.158 
1.157 

1.317 
1.314 
1.314 
1.313 
1.330 
1.314 
1.323 
1.316 


+0.882 

—0.190 
-f0.006 
+0.200 
+0.395 
4  0.485 
+0.600 
40.686 
+0.788 
-i  0.869 
+0.983 
+1.092 

+0.283 
+0.388 
+0.477 
+0.584 
—0.671 
- -0.787 
—0.877 
- -0.966 
- -0.987 
—1.064 
—1.184 
+1.269 

+0.491 
- -0.590 
- -0.687 
- -0.783 
—0.897 
—0.975 
+1.091 
4-1.168 
-1-1 .286 

+0.590 
- -0.688 

0.784 
+0.885 

0.976 

1.084 
+1.180 

1.279 


(5) 


0.2498 

0.4024 
0.4018 
0.4040 
0.4017 
0.4006 
0.3943 
0.3828 
0.3679 
0.3268 
0.2808 
0.2529 

0.4176 
0.4159 
0.4151 
0.4141 
0.4086 
0.4035 
0.3877 
0.3693 
0.3590 
0.3203 
0.2897 
0.2617 

0.4256 
0.4271 
0.4249 
0.4224 
0.4107 
0.4028 
0.3795 
0.3504 
0.3035 

0.4392 
0.4379 
0.4357 
0.4310 
0.4355 
0.4156 
0.3998 
0.3738 
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(1)        (») 


(3) 


(*) 


(5) 


Bazin's  Series  No.  30 


0.66 


0.380 
0.380 
0.391 
0.417 
0.453 
0.501 

0.546 
0.544 
0.556 
0.580 
0.619 
0.668 
0.714 

0.707 
0.716 
0.705 
0.713 
0.717 
0.754 
0.798 
0.835 
0.885 
0.930 

0.8.56 
0.861 
0.852 
0.870 
0.874 
0.899 
0.949 
1.049 
1.147 

1.016 
1.015 
1.019 
1.026 
1.045 
1.085 
1.166 
1.284 
1.365 

1.170 
1.158 
1.179 
1.180 
1.196 
1.222 
1.288 

i.aso 

1.321 
1  ..322 
1.326 
1-337 
1.318 
1.382 
1.422 


0.329 
0.327 
0.329 
0.327 
0.328 
0.326 

0.494 

0.490 
0.490 
0.492 
0.488 
0.489 
0.492 

0.655 
0.661 
0.656 
0.6.57 
0.657 
0.658 
0.653 
0.658 
0.659 
0.656 

0.821 
0.823 
0.815 
0.825 
0.820 
0.825 
0  819 
0.820 
0.819 

0.988 
0.984 
0.9a3 
0.983 
0.982 
0.985 
0.984 
0.9S5 
0.885 

1.151 
1.141 
1.154 
1.150 
1.1.50 
1.147 
1.150 
1.150 

1.315 
1.313 
1.313 
1.316 
1.316 
1.318 
1.314 


0.3505 
0.3465 
0.3356 
0.3013 
0.2656 
0.2277 

0.3695 
0.3661 
0.3539 
0.3351 
0.2992 
0.2685 
0.2449 

0.3804 
0.3781 
0.3829 
0.3768 
0.3734 
0.3483 
0.3152 
0.2974 
0.2743 
0.3523 

0.3996 
0.3985 
0.3987 
0.3930 
0..3870 
0.3746 
0.3416 
0.2969 
0.2568 

0.4092 
0.4075 
0.4043 
0.4001 
0.3886 
0.3690 
0.3306 
0.2864 
0.2612 

0.4170 
0.4173 
0.4137 
0.4108 
0.4030 
0.3888 
0.3603 
0.3428 

0.42.56 
0.4243 
0.4223 
0.4182 
0.4134 
0.3990 
0.3806 


(1) 


(») 


(3) 


(4) 


(5) 


Mr.  Nelles. 


Bazin's  Series  No. 

O'Bf) 


0.384 
0.383 
0.390 
0.430 
0.450 
0.510 

0..545 
0.556 
0..556 

0.583 
0.588 
0.638 
0.658 
0.720 

0.714 
0.723 
0.765 
0.786 
0.837 
0.880 
0.929 

0.871 
0.870 
0.883 
0.875 
0.894 
0.900 
0.963 
1.041 
1.145 

1.026 
1.025 
1.025 
1.049 
1.070 
1.158 
1.260 
1.349 

1.175 

1.183 

1.183 
1.188 
1.211 
1 .227 
1.276 
1.380 

1.329 
1.338 
l.a37 
1.347 
1.353 
1.380 
1.431 


0.330 
0.339 
0.330 
0.339 
0.330 
0.328 

0.487 
0.495 
0.489 
0.490 
0.496 
0.486 
0.493 
0.486 

0.659 
0.657 
0.658 
0.663 
0.658 
0.663 
0.676 

0.827 
0.822 
0.833 
0.823 
0.836 
0.833 
0.832 
0.823 
0.832 

0.986 
0.984 
0.978 
0.983 
0.97'8 
0.983 
0.983 
0.883 

1.148 
1.147 
1.150 
1.144 
1.153 
1.150 
1.146 
1.148 

1.313 
1.313 
1.313 
1.313 
1.305 
1.313 
1.310 


+0.186 
-4-0.294 
+0.338 
+0.389 
+0.435 
+0.493 

+0.287 
+0.394 
+0.497 
+0.535 
-j-0.538 
+0.589 
+0.633 
+0.681 

+0.494 

-1-0.487 
+0.671 
40.734 
-^0.775 
+0.830 
+0.890 

0.397 

+0.383 

0.492 

+0.579 

0.643 

0.779 

—0.891 

0.969 

1.C86 

■0.5(6 
■0.6t8 
0.786 
■0.885 
■0.978 

—1.077 
1.173 

—1.373 

+0.591 
+0.686 
+0.784 
+0.879 
+0.986 
+1.072 
+1.180 
-1-1.270 

+0.689 
4-0.783 
+0.887 
+0.976 
+1.078 
+1.175 
+1.376 


0.3459 
0.3457 
0.3380 
0.3897 
0-3718 
0.2237 

0.3630 
0.3609 
0.3537 
0.3310 
0.a336 
0.3966 
0.3764 
0.3380 

0.3774 
0.369S 
0.3410 
0.3388 
0.3993 
0.3785 
0.2643 

0.3930 
0.3903 
0.3901 
0..3873 
0.3848 
0.3711 
0.3423 
0.3988 
0.3638 

0.4033 
0.4013 
0.3981 
0.3866 
0.3731 
0.3:B34 
0.3940 
0.2647 

0.4129 
0.4080 
0.4101 
0.4041 
0.3971 
0.3880 
0.3633 
0.3343 

0.4190 
0.4103 
0.4166 
0.4119 
0.4065 
0..3975 
0.3791 
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Ttr.  Nelles.  Bazin's  Expekiments. — Sekies  No.   205. 

Nappe  wetted  underneath,  with  water  retained  in  pool  below  weir. 
Description  of  weir  under  observation:  Height,  0.75  m.  =  2.46  ft. 
Length,  2.0  m.  =  6.56  ft.  Crest,  0.40  m.  =  1.31  ft.  wide.  Both  faces 
inclined. 


(1)         (3)  (3) 


(*) 


(5)  (1)         (-4)  (3) 


(4) 


Bazin's  Series  No.  ^05. 


0.385 

0.330 

0..393 

0.333 

0.418 

0.338 

0.461 

0.337 

0.512 

0.329 

0.561 

0.491 

0.570 

0.493 

0.593 

0.493 

0.623 

0.496 

0.675 

0.493 

0.709 

0.495 

0.749 

0.655 

0.749 

0.660 

0.768 

0.653 

0.794 

0.6.58 

0.834 

0.657 

0.877 

0.660 

0.923 

0.660 

0.900 

0.816 

0.9U0 

0.818 

0.904 

0.816 

0.908 

0.822 

+0.305 
—0.354 
—0.393 
—0.441 
- -0.491 

4-0.386 
- -0.491 
0..538 
0.593 
- -0.642 
+0.689 

+0.591 
-1-0.639 
0.691 
0.741 
■0.786 
0.839 
■0.887 

+0..394 
4-0.494 
-1-0.590 
+0.688 


0.3438 
0.3368 
0.3010 
0.3501 
0.2230 

0.3505 
0.3444 
0.3340 
0.3045 
0.2662 
0.2503 

0.3482 
0.3531 
0.3335 
0.3220 
0.2980 
0.3789 
0.2568 

0.3681 
0.3695 
0.3649 
0.3669 


(5) 


5 

0.923 

0.815 

+0.788     1 

6 

0.9.56 

0.819 

- 

-0.884 

7 

1.029 

0.814 

_ 

-0.986 

8 

1.133 

0.819 

- 

LI. 084 

9 

1.236 

0.814 

-1 

-1.183 

1 

1.075 

0.986 

J 

U0.694 

2 

1.075 

o.gas 

- 

L-0.783 

3 

1.091 

0.988 

- 

-0.886 

4 

1.106 

0.984 

- 

-0.975 

5 

1.159 

0.987 

- 

-1.081 

6 

1.247 

0.885 

- 

-1.178 

7 

1.345 

0.887 

H 

-1.386 

1 

1.238 

1.147 

+0.8^6 

2 

1.354 

1.151 

--0.981 
--1.081 

3 

1.258 

1.148 

4 

1.292 

1.146 

- -1.179 

5 

1.360 

1.144 

+1.277 

1 

1.399 

1.311 

+0.985 

2 

1.413 

1.311 

-1.088 

3 

1.426 

1.312 

—1.182 

4 

1.449 

1.313 

-1.379 

0.3544 
0.3375 
0.2997 
0.3619 
0.3309 

0.3753 
0.3733 
0.3681 
0.3581 
0.3355 
0.2997 
0.3684 

0.3813 
0.3767 
0.3697 
0.3568 
0.3292 

0.3891 
0.3830 
0.3783 
0.3694 


"  We  have  already  shown,  in  discussing  the  similar  experiments  on 
beam  weirs,  that  the  size  of  the  crest  completely  modifies  the  effect  of 
the  retained  water.  Thus,  for  weirs  in  thin  partition,  the  effect  of  the 
retained  water  is  manifest  before  it  reaches  the  level  of  the  crest,  while 
for  weirs  with  wide  crest,  the  effect  is  not  noticeable  until  the  level  of 
the  retained  water  is  above  the  crest.  In  order  to  show  the  results  of 
the  i^receding  experiments  in  a  comprehensive  manner,  we  have  pre- 
pared the  following  tables,  which  show  for  the  same  discharge  and  for 
varying  elevations  of  the  retained  water,  the  corresponding  heads  on 
the  weirs  under  experiment. 

' '  Notwithstanding  some  anomalies,  the  tables  show  that  the  influence 
of  the  retained  water  is  hardly  sensible  so  long  as  its  height  above  the 
crest  li\  is  less  than  one-half  the  head  h.  When  we  consider  Series  205, 
in  which  the  crest -is  0.40  m.  (1.31  ft.)  wide,  it  is  seen  that  the  influ- 
ence of  the  retained  water  is  not  appreciable  until  it  attains  a  height 
of  two-thirds  of  the  head." 
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Table  Sno'mNG  the  Hkax)s  Coekesponding  to  the  same  Dischakge  over  Mr.  Neiles. 
Weiks  with  Shabp  Ckests  A3SID  Sloping  Faces,  for  Various  Ele- 
vations OF  the  Surface  of  the  Water  Retained  Below  Weir. 


cS  O 

Head 

IN  Feet,  on  the  Weirs  under  Consideration,    (h.) 

5S 

Height  of  the  water  sur 

face  below  the 

weirs,  belpw  or  above  the 

0^ 

0 

■a  t. 

level  ol  the  crest. 

(hj 

—0.198 

0 

+0.198 

+0.394 

+0.591 

+0.787 

+0.984 

+1.181 

0.492 

0.456 

0.459 

0.472 

0.515 

0.591 

0.591 

0.591 

0.591 

0.591 

Series  No.  195. 

0.656 

0.601 

0.611 

0.620 

0.653 

0.722 

0.810 

0.810 

0.810 

0.810 

0.820 

0.748 

0.752 

0.765 

0.807 

0.869 

0.942 

i.024 

1.024 

1.024 

1      Upper   face 
(  vertical ;lower 

0.984 

0.893 

0.899 

O.909 

0.939 

1.000 

1.080 

1.158 

1.237 

1.237 

1.148 

1.040 

1.043 

1.060 

1.096 

1.151 

1.217 

1.286 

1.3.52 

1.352 

1  face  1  to  1 . 

1.312 

1.184 

1.194 

1.214 

1.254 

1.302 

1.355 

1.408 

1.470 

1.470 

J 

0.492 

0.485 

0.485 

0.489 

0.512 

0.575 

0.575 

0.575 

0.575 

0.575 

1 

0.656 

0.613 

0.643 

0.646 

0.666 

0.702 

0.797 

0.797 

0.797 

0.797 

Series  No.  196. 

0.820 

0.797 

0.797 

0.804 

0.813 

0.843 

0.919 

1.0.33 

1.033 

1.033 

Upper   face 
vertical;  lower 

0.984 

0.948 

0.978 

0.978 

0.964 

0  987 

1.037 

1.136 

1.250 

1.250 

1.148 

1.109 

1.109 

1.109 

1.116 

1.136 

1.168 

1.230 

1.348 

1.348 

face  2  to  1. 

1.312 

1.267 

1.267 

1.267 

1.267 

1.2i2 

1.312 

1.365 

1.437 

1.437 

, 

0.492 

0.528 

0.528 

0.528 

0.528 

0.551 

0.669 

0.669 

0.669 

0.669 

1 

0.656 

0.696 

0.696 

0.696 

0.696 

0.699 

0.745 

0.889 

0.889 

0.889 

1  Series  No.  197. 

0.820 

0.863 

0.863 

0.863 

0.863 

0.863 

0.886 

U.961 

1.076 

1.076 

1     Upper   face 
I  vertical; lower 

0.984 

1.03U 

1.030 

1.0-30 

1.030 

1.030 

1.033 

1.073 

1.174 

1.325 

1.148 

1.201 

1.201 

1.201 

1.201 

1.201 

1.201 

1.217 

1.279 

1..388 

1  face  5  to  1. 

1.312 

1..368 

1.368 

1.36S 

1.368 

1.368 

1.368 

1.368 

1.404 

1.483    J 

Table  Showing  the  Heads  Corresponding  to  the  same  Discharge 
OVER  Weiks  with  Crests  U.20  m.  =  ().6G  ft.  wide,  and  Sloping  Faces, 
FOR  Various  Elevations  of  the  Surface  of  the  Retained  Water. 

1  Series  No.  198. 
Upper  face  in- 
J-  clined,  1  to  2; 
I    lower  face  in- 
clined, 1  to  1. 

1  Series  No.  200. 

\  Upper  face  in- 

j-  clined,  1  to  2; 

lower  face  in- 


0.492 

0.528 
0.682 
0.817 
0.954 
1.090 
1.217 

0.538 
0.686 
0.8.33 
0.974 
1.113 
1.257 

0.542 
0.699 
0.850 
1.000 
1.145 
1.289 

0.542 
0  706 
0.856 
1.010 
1.161 
1.312 

0.548 
0.706 
0.863 
1.024 
1.178 

0.552 
0.686 
0.817 
0.954 
1.090 
1.217 

0.542 
0.689 
0.837 
0.974 
1.113 
1.257 

0.545 
0.702 
0.850 
l.OuO 
1.145 
1.289 

0.542 
0.706 
0.856 
1.010 
1.161 
1.312 

0.548 
0.706 
0.863 
1.024 
1.178 
1.332 

0.522 
0.694 
0.830 
0.961 
1.145 
1.267 

0..555 
0.696 
0.840 
0.981 
1.119 
1.260 

0..5.51 
0.706 
0.856 
1.000 
1.145 
1.289 

0.548 
0.709 
0.856 
1.010 
1.161 
1..312 

0.551 
0.725 
0.866 
1.034 
1.178 
1.332 

0.653 
0.745 
0.863 
0.981 
1.106 
1.230 

0.646 
0.732 
0.856 
0.987 
1.123 
1.267 

0.623 
0.7:32 
0.860 
1.004 
1.148 
1.289 

0.623 
0.722 
0.863 
1.014 
1.164 
1.312 

0.630 
0.833 
0.873 
1.030 
1.178 
1.3.32 

0.653 
0.889 
0.964 
1.053 
1.155 
1.267 

0.843 
0.889 
0.939 
1.000 
1.148 
1.276 

0.623 
0.850 
0.912 
1.024 
1.158 
1.295 

0.623 
0.843 
0.899 
1.027 
1.171 
1.319 

0.630 
0.833 
0.906 
1.090 
1.181 
1.335 

0.6.53 
0.889 
1.103 
1.188 
1.273 
1.371 

0.843 
1.063 
1.116 
1.178 
1.217 
1.315 

0.623 
0.850 
1.080 
1.109 
1.197 
1.319 

0.623 
0.843 
1.043 
1.090 
1.197 
1.332 

0.630 
0.833 
1.037 
1.263 
1.204 
1.345 

0.653 
0.889 
1.103 
1.188 
1.273 
1.371 

0.843 
1.063 
1.286 
1.361 
1.418 
1.457 

0.623 
0.850 
1.080 
1.276 
1.322 
1.375 

0.623 
0.843 
1.043 
1.276 
1.282 
1.375 

0.630 
0.833 
1.037 
1.263 
1.289 
1.385  1 

0.656 

0.820 

0  984 

1.148 

1.312 

0.492 

0.656 

0.820 

0.984 

1.148 

1.312 

0.492 

0.656 



0.820 

0.9frl 

. 

1.148 

1.312 

0.492 

0.656 

0.820 

0.984 

1.148 

1.312 

0.492 

0.656 

0.820 

0.984 

1.148 

::::::: 

1.312 

1.332 

clined,  2  to  1. 


1  Series  No.  202. 

I  Upper  face  in- 
clined, 1  to  2; 
lower  face  in- 
clined. 3  to  1. 


Series  No.  203. 

Upper  face  in- 
-  clined,  1  to  2; 
lower  face  in- 
clined, 4  to  1. 


Series  No.  201,. 

Upper  face  in- 
clined, 1  to  2; 
lower  face  in- 
clined, 5  to  1. 
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Mr.  Nelles.  From  a  consideration  of  the  foregoing  and  other  experiments  on 
the  flow  over  submerged  weirs,  the  writer  is  impressed  with  the  idea 
that  the  usual  laboratory  methods  are  to  some  extent  defective  and 
misleading,  in  that  the  conditions  are  artificial,  and  differ,  except  for 
the  rare  case  of  a  flow  into  a  reservoir,  from  those  met  in  actual  prac- 
tice. In  the  laboratory  experiments,  the  level  of  the  backwater  is 
regulated  by  impeding  the  How  away  from  the  weir,  and  decreasing 
the  velocity  of  departure;  whereas,  in  jDractice,  in  the  usual  case  of  a 
dam  in  a  flowing  stream,  the  conditions  are  natural,  and  the  height  of 
the  water  surface  below  and  the  fall  over  the  dam  depend  upon  the 
quantity  of  water  passing.  It  is  not  unlikely  that  some  of  the  discrep- 
ancies hereafter  noted  are  due  to  this  cause. 

The  most  common  use  to  which  engineers  apply  the  theory  and 
formulas  for  the  flow  over  submerged  dams  is  in  connection  with  the 
slack- water  improvement  of  rivers,  for  the  determination  of  the  effect 
of  the  dams  in  raising  the  water  surface  above  them,  and  for  the  determi- 
nation of  the  fall  at  the  dams,  in  order  to  fix  the  height  of  the  lock 
walls  and  the  stage  at  which  navigation  over  the  dam  itself  will 
become  possible. 

A  number  of  formulas  have  been  proposed  for  this  purpose.  That 
which  is  most  generally  used  is  based  on  the  theory  that  the  flow 
above  the  level  of  the  lower  pool  is  similar  to  a  free  discharge  into  air, 
and  that  the  usual  weir  formulas  for  such  discharge  are  applicable  for 
its  determination.  The  flow  between  the  level  of  the  lower  pool  and 
the  crest  of  the  dam  is  considered  similar  to  that  from  a  submerged 
orifice,  and  determined  by  the  recognized  formulas  for  such  flow.  By 
combining  the  common  expressions  for  the  two  forms  of  flow,  the 
following  general  formula  (which  should  be  corrected  for  the  effect  of 
the  velocity  of  approach),  is  obtained: 

q=  G'L^<^^{h,+  'i  z) {b) 

in  which 

Q  =  discharge,  in  cubic  feet  per  second; 

C  =  a  coefficient; 

L  =  crest  length  of  dam,  in  feet; 

z   =  fall  at  dam; 

hi  =  height  of  lower  pool  above  crest  of  dam. 
Several  methods  of  taking  into  account  the  effect  of  the  velocity  of 
approach  have  been  advanced.  The  simplest  of  these,  although  not 
the  most  accurate,  which  will  be  used  in  the  present  discussion, 
consists  of  increasing  the  head  to  which  the  velocity  of  flow  is  due, 
by  the  head  to  which  the  mean  velocity  of  approach  is  due,  making 
the  quantity  under  the  radical  in  Equation  {b) 


J^^0  +  ^) 
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The  theory  of  Equation  {b)  makes  the  coefficient  C"  equal  to  1.5  Mr.  NeUes. 
times  the  coefficient  7n  of  the  free  portion  of  the  discharge. 

Francis,  from  small-scale  experiments  on  sharp-crested  vertical 
weirs,  makes  this  ratio  1.38.  D'Aiibisson  gives  it  at  1.43.  Weisbach 
accepts  the  value  assigned  by  theory. 

The  results  of  a  large  number  of  Bazin's  experiments,  Series  Nos. 

200  and  201,  have  been  applied  to  Formula  (&)  by  the  writer,  giving 

C" 

values  for  the  coefficient  C  of  from  0.71  to  1.20,  and  of  the  ratio 

m 

of  from  1.54  to  2.40.     These  results,  which  included  the  effect  of  the 

velocity  of  approach,  showed,  without  apparent  reason,  such  a  wide 

variation  that  no  satisfactory  conclusions  could  be  drawn  from  the 

investigation. 

From  a  careful  study  and  manipulation  of  the  gauge  records  at 

the  locks   and    dams    on    the    Kentucky  River,  covering  65  days  in 

February,  March  and  April,  1886,*  it  has  been  possible  to  deduce 

C" 

approximate  values  for  the  ratio  for  these  dams.     The  dams  con- 

m     . 

sist  of  rock-filled  cribs,  with  planked  up-stream  faces  sloping  at  3  to  1, 

and  with  vertical  steps  below  the  crest.     The  height  of  the  dams  is 

about  20  ft. 

The  deductions  were  made  as  follows:  From  the  gauge  records, 

periods  of  nearly  uniform  flow  and  conditions  were  selected,  during 

which  at  least  one  of  the  dams  was  submerged,  while  one  or  more  of 

the   adjacent   dams   was   not.     Then,    from   the   mean   head    for   the 

selected  period  at  the  dams  not  submerged,  a  probable  mean  discharge 

was  obtained  by  the  usual  weir  formula.     This  discharge  was  assumed 

to  be  that  at  the  dam  under  submerged  flow,  and,  with  the  other  mean 

conditions  shown  by  the  records  to  exist  at  the  submerged  dam,  was 

substitiited  in  Formula  [b),  which  then  gave  the  corresj)onding  value 

for  the  coefficient  C".     By  comparing  the  value  thus  obtained  with  the 

value  of  the  coefficient  m,  used  in  determining  the  free  discharge,  the 

C 

ratio  was  obtained. 

■1)1 

In  this  way,  three  separate  determinations  were  made.   The  first, 

covering  four  days,  when  the  water  was  falling  slowly,  Dams  Nos.  4 

C 
and  5  being  under  free  flow,  and  Dam  No.  3  submerged,  giving  —  = 

1.50. 

The  second,  covering  three  days,  while  the  water  was  falling  slowly, 

Dams  Nos.  3  and  4  being  under  free  flow,  and  Dam  No.  2  submerged, 

C" 

giving   —  =  1.53. 

m 

The  third,  covering  five  days,  during  which  the  river  rose  and  fell 

*  Annual  Report,  CUef  of  Engineers,  U.  S.  A.,  1887,  pp.  1318  and  1319. 
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Mr.  Nelies.  slowly,  Dams  Nos.  2  and  3  being  under  free  flow,  and  Dam  No.  1  sub- 

C  C 

merged,  giving  —  =  1.46.     The  mean  value  of  the  ratio  —  for  the  11 

in  m 

days  being  1.49. 

The  depths  on  the  crest  ranged  from  4  to  7.5  ft.,  with  a  mean  of 
5.3  ft. 

Another  formiila,  used  frequently  for  the  same  j)urposes  as  Formula 
(b),  is  known  as  the  Chanoine  and  Mary  Formula. 

q  =  MLh,  V^ g z (c) 

This  is  of  the  same  form  as  the  usual  submerged  orifice  or  sluice 
formulas,  and,  while  it  is  applicable  to  conditions  identical  with  those 
for  which  the  coefficient  M  is  known,  it  cannot  be  safely  used  other- 
wise. This  is  demonstrated  by  Mr.  Edward  Sawyer  in  an  article,*  in 
which  he  illustrates  his  assertion  by  assuming  a  case  wherein  the  level 
of  the  upper  pool  remains  constant,  while  that  of  the  lower  pool  is 
lowered.  For  this  case,  the  formula  gives  a  decreasing  value  for  Q, 
whereas  the  contrary  would  actually  result. 

The  formula  given  by  Chanoine  and  DeLagrene,  in  their  memoir  on 
the  dams  of  the  Upi^er  Seine,  is  very  generally  used  by  French  engi- 
neers. This  formula  is  based  on  the  theory  that  for  a  given  discharge, 
the  effect  produced  by  a  submerged  dam,  or  other  imi^ediment  to  flow, 
in  raising  the  level  of  the  water  surface  above  it,  is  represented  by  the 
difference  between  the  heads  to  which  the  mean  velocity  at  the  dam  site 
is  due,  before  and  after  the  execution  of  the  works,  multiplied  by  a 
coefficient  to  which  is  usually  given  a  value  of  1.5.  This  theory  is 
expressed  by  the  following  formula: 

^  =  ^(^) w 

The  writer  has  tested  this  formula  by  the  substitution  of  the  data 
taken  from  Bazin's  Series  No.  200.  The  resulting  values  for  the 
coefficient  Arranged  from  0.25  to  1.45,  and  were  so  erratic  that  the 
selection  of  even  a  probable  value  was  found  practically  impossible. 
A  further  test  was  made  by  using  the  results  of  the  actual  observations 
on  the  flow  over  the  twelve  dams  on  the  Upper  Seine,  t  In  this  way 
/r  was  found  to  vary,  without  apparent  reason,  independent  of  z,  from 
0.30  to  2.50. 

The  most  elaborate  published  account  of  the  flow  over  submerged 
dams  of  practical  dimensions  and  form  is  found  in  a  paper  by  Mr.  E. 
H.  Rhiud.|  This  i^aper  describes  and  discusses  in  considerable  detail 
observations  made  at  a  number  of  large  masonry  dams  in  India.  Most 
of  the  dams  have  flat  crests,  with  paved  slopes.  The  exact  dimensions 
in  these  particulars  are  not  given.     The  discharge  was  calculated  by 

*  Van  NostrancTs  Magazine,  Vol.  xxxiv,  p.  176. 

t  Annales  des  Fonts  et  Chauss6es,  1868. 

X  Proceedings  of  the  Institute  of  Civil  Engineers,  for  1886. 
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Mr.  Nelles.  the  Humphrey  and  Abbott  Formula,  and   covers  an  unusually  wide 
range.      Table  No.  22,  wbicli  has  been  j)repared  from  Mr.   Khind's 
paper,  shows  the  shape  and  known  dimensions  of  the  dams,  the  cal- 
culated discharge,  the  observed  conditions  and  deduced  coefficients. 
In  deducing  his  coefficients,  Mr.  Rhind  used  the  formula 

Q=.  C^L  V'l^  [  7^1  Vz  +  0.01  v^  +  %2  V2+  0.035  ^jH (e) 


in  which  v  represents  the  mean  surface  velocity  of  apjjroach.  This 
formula  may  be  reduced  to  the  same  form  as  [h)  by  neglecting  the  cor- 
rection for  the  velocity  of  approach. 

In  addition  to  the  information  and  results  taken  from  Mr.  Rhind's 
paper,  the  writer  has  calculated  from  the  same  data  and  shown  in  Col- 
umns 13  to  16  of  Table  No.  22,  the  coefficients  of  discharge  for  Formulas 
{a)  and  [b)  ;  first,  considering  the  effect  of  the  velocity  of  approach,  by 

increasing  the   observed   head   an  amount   equal   to  -— ;  second,  not 

considering  the  effect  of  the  velocity  of  approach,  and  using  the 
observed  heads  in  the  formulas. 

The  results  in  Table  No.  22  indicate  clearly  the  necessity  for 
specially  considering  the  effect  of  the  velocity  of  ajjproach  in  connec- 
tion with  Formula  (&),  and  show  a  marked  uniformity  in  the  value  of 
the  coefficient  m  in  Formula  [a),  notwithstanding  a  very  wide  and  inex- 
plicable variation  in  the  values  of  the  coefficient  C. 

Van  Nostrand's  Magazine,  Vol.  xxxii,  page  473,  gives  the  following 
details  of  certain  observations  on  the  Bazacle  Dam  in  the  Garonne 
River  at  Toulouse: 

/«  =  6  m. ; 

7«i  =  5  m. ; 
h — 7^,j  =  2  ^  1  m. ; 

L  =  283  m. ; 

Q  =  6500  cu.  m.  per  second. 
Substituting   these   quantities    in    Formula  (h),  we   find    C"  =  0.915. 
Correcting  z  for  a  mean  velocity  of  approach  of  3.4  m.  per  second,  we 
find  C  =  0.724      In  the  same  way,  by  means  of  Formula  (a),  we  find 
m  =  0.353  and  0.336. 

This  discussion  has  been  carried  to  a  considerable  length  in  order 
to  illustrate  the  jjresent  state  of  our  practical  knowledge  on  the  gen- 
eral question  of  fiow  of  water  over  dams,  and,  aside  from  the  Bazin  ex- 
periments, much  of  the  matter  presented  has  very  little  intrinsic  value 
except  for  this  purpose.  It  is  hoped,  however,  that  the  illustrations 
given  may  attract  the  attention  of  skilled  investigators  to  this  field, 
and  thus  indirectly  lead  to  a  more  satisfactory  solution  of  the  problem 
of  submerged  flow. 

Some  valuable  and  interesting  features  of  the  Bazin  experiments 
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have  uot  been  noticed  by  Mr.  Rafter;  jJi'incipal  among  these  are  the  Mr.  Nelies. 
distribution  of  pressure  and  velocity  in  the  nappe.     Concerning  these 
features,  Bazin  says  in  his  summary: 

"  The  pressure  under  the  nappe  has  been  measured  in  nearly  every 
exjienment.  For  a  certain  number  of  them  we  have  determined  the 
interior  distribution  of  both  the  pressure  and  velocity.  This  distribu- 
tions presents  a  theoretic  interest,  but  cannot,  like  the  jjr.essure  under 
the  nappe,  be  put  to  practical  use.  For  a  weir  of  given  form,  the  co- 
efficient m  depends  principally  on  two  elements,  the  contraction  at  the 
sill  and  the  pressure  under  the  napjae.  This  pressure  is  so  clearly  re- 
lated to  the  discharge  that  we  can,  by  proper  observations,  deduce  from 
it  the  variation  in  the  discharge,  with  a  precision  not  to  be  obtained  by 
the  direct  measure  of  the  heads. 
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RECENT  STADIA  TOPOGRAPHIC  SURVEYS:  NOTES 

RELATING  TO  METHODS  AND  COST. 

Discussion,* 


By  G.  L.  Christian,  Assoc.  M.  Am.  Soc.  C.  E. 


Mr.  Christian.  G.  L.  Chkistian,  Assoc.  M.  Am.  Soc.  0.  E.  (by  letter). — The  writer 
fully  agrees  with  Mr.  Allen  that  the  cost  of  topographical  surveys 
depends  upon  the  character  of  the  ground,  the  extent  of  the  survey, 
the  scale  of  the  map,  transijortation  facilities,  board,  etc.  The  season 
of  the  year  is  also  a  very  important  factor. 

For  instance,  in  the  Middle  Atlantic  States,  the  work  can  generally 
be  performed  to  much  greater  advantage  early  in  the  spring  or  late  in 
the  fall,  especially  if  the  district  is  heavily  wooded. 

In  1896  the  writer  made  a  survey  of  a  57-acre  tract  of  land  in  West- 
chester County,  N.  Y. ,  which  the  owners  wished  to  subdivide.  Most 
of  the  work  was  done  during  the  month  of  July,  and  the  weather  was 
exceedingly  hot  and  sultry. 

Three-quarters  of  the  tract  was  woodland,  with  much  thick  under- 
brush and  heavy  foliage.  The  land  was  much  broken,  and  varied 
from  a  rise  of  2  ft.  in  100  to  a  rise  of  40  ft.  in  100,  and  had  a  total  rise 
of  150  ft. 

The  transit  lines  (12  750  ft.)  were  first  run  so  as  to  cover  what 
seemed  to  be  controlling  jjoints,  such  as  along  the  tops  of  ridges,  at 
the  foot  of  hills,  etc.,  stakes  being  set  every  50  ft.;  after  which  levels 
were  carefully  run  over  the  whole  line  with  a  wye  level,  elevations 
being  taken  at  each  stake,  and  at  intermediate  points  if  necessary. 

*  Continued  from  May,  1900,  Proceedings.  See  March,  1900,  Proceedings,  for  paper 
by  William  B.  Landreth,  M.  Am.  Soc.  C.  E.,  on  this  subject. 
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From  these  lines  and  levels  the  5-ft.  contours  were  located  on  the  Mr.  cimstian. 
ground,  at  right  angles  to  the  transit  lines,  with  a  Gurley  hand  level, 
an  ordinary  level  rod  and  a  steel  tape. 

The  actual  working  time  of  the  field  party  each  day  was  from  9 
A.  M.  to  5  p.  M.,  with  one  hour  for  lunch.  The  work  was  2  miles  from 
the  office,  and  transportation,  consisting  of  a  horse  and  wagon,  was 
furnished  each  way. 

The  net  cost  of  the  field  work,  transportation,  stakes,  and  map])ing 
was  $1.47  per  acre,  divided  as  follows: 

Field  work  including  trans jjortation : 

Running  transit  lines $0 .  40 

' '        wye  levels 0.19 

Five-ft.  contours,  with  hand  level. 0.53 

Total !B1 .  12 

Stakes 0.07 

Mapping: 

Plotting  transit  lines $0 .  13 

"        contour    "    0.15 

Total  mapping, 0 .  28 

Grand  total $1 .  47 

1 
The  map  was  plotted  on  a  scale  of  100  ft.  to  1  in. 
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THE  PRACTICAL  COLUMN   UNDER  CENTRAL  OR 
ECCENTRIC  LOADS. 

Discussion.* 


By  Messrs.  C.  T.  Puedt,  William  Cain  and  J.  L.  Power  O'Hanly. 


Mr.  Pui-dy.  C.  T.  PuKDT,  M.  Am.  Soc.  C.  E.— This  is  an  extremely  practical 
subject  for  engineers  who  have  many  columns  to  dimension  or  design. 
In  the  Astoria  Hotel  there  are  about  3  600  separate  columns,  each  of 
which  had  to  be  especially  considered.  Ten  minutes  given  to  each 
would  recj^uii-e  600  hours  for  all  of  them.  In  the  speaker's  practice 
every  column  is  analyzed;  if  there  are  eccentric  loads  the  exact  effects 
must  be  determined,  and  it  is  therefore  important  that  the  methods 
should  be  such  as  will  secure  the  greatest  amount  of  work  in  the  least 
l^ossible  time. 

Very  few  who  write  regarding  column  designing  realize  or  appre- 
ciate the  importance  of  eccentricity  of  loading.  The  speaker  does  not 
refer  to  bridge  designing  so  much  as  to  building  work.  Most  of  the 
columns  in  buildings  are  short,  and  therefore  the  element  of  eccentric 
loading  becomes  the  more  important  one.  The  effect  of  the  direct 
load  in  such  columns  is  mostly  a  crushing  strain,  while  the  element  of 
bending  is  of  least  importance.  The  effect  of  eccentricity  is  rarely 
lacking,  for  an  even  loading  is  exceptional.  From  the  practical  jaoint 
of  view,  therefore,  the  speaker  believes  that  the  author's  first  state- 
ment is  the  most  notable  one  in  the  paper. 

There  is  great  need  for  a  thorough  series  of  experiments  on  eccen- 

*  Continued  from  May,  1900,  Proceedincfs.  See  March,  1900,  Proceedings.,  for  paper 
by  J.  M.  Moncrieff,  M.  Am.  Soc.  C.  E.,  on  this  subject. 
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fcrically  loaded  columns,  but  the  task  is  too  great  to  be  uudertaken  by  Mr.  Purely, 
a  private  engineer.     So   far  as  the  speaker  knows,  only  two  practical 
tests  of  eccentrically  loaded  columns  have  been  made. 

William  Cain,  M.  Am.  Soc.  C.  E.  (by  letter). — This  is  a  valuable  Mr.  Cain. 
paper,  not  only  for  a  very  clear  presentation  of  the  theory  affecting  the 
practical   column,    but   for   the   numerous   diagrams    comparing    the 
theory,  supposed  to  apply  to  crippling  loads  approximately,  with  the 
results  of  1  789  tests  of  columns  by  various  experimenters. 

Assuming  the  neutral  line  of  the  column  under  eccentric  loading 
to  be  a  parabola,  the  author's  equations  (5),  (7)  and  (8),  follow 
logically.  The  writer  has  called  attention*  to  the  propriety  of  using 
the   parabola    approximately,    for    the   neutral    line,    by    comparing 

results  with  the  exact  formula  and  finding  them  identical  when  —  was 

r 

small.     The  agreement  is  still  more  i^lainly  seen  when  the  author's 

equation 

A  = ^ (2) 

8^  / ^    PP 

b 

for  the  deflection  at  the  center  of  the  column  pivoted  at  the  ends, 

from   the   primitive   axis,   is.  comi^ared  with   the   exact   result   for  a 

prismatic  homogeneous  column,! 


h«(l4^:^)->] 


1      I     \     P 

Putting  S  =  -~-  —    I  ,  the  develoiJment  of  sec  5  for  those  values 

of  — |-  that  give  a  converging  series,  is  found  by  the  differential  calcuhis 

to  be 

Sece  =  l+4l  +    5    g,^    (31    g,_^ 


2     '    24         '    720 
On  neglecting  B^  and  higher  powers  of  6,  the  last  formula  gives 
approximately, 


A=  ^ 


e       P       P     r  ,    .     5       P       P 


b^ 


8       r'    AE  L     ^48     r^-     A  EJ 
which  is  sensibly  correct  when  6  is  a  comparatively  small  fraction, 
and  incorrect  otherwise. 

Biit  this  is  exactly  equal  to  Equation  (2),  if  the  numerator  is 
divided  by  the  denominator  in  the  right  member  and  the  division 
carried  out  to  two  terms. 

Hence  the  assumption  that   the  neutral  line  is   approximately   a 

parabola  for  small  values  of  — ^  is  again  proved.     The  result  is  a  closer 

*  "  Theory  of  the  Ideal  Column,"  Transactions,  Am.  Soc.  C.  E.,  Vol.  xxxix,  p.  120. 
t  See  Mr.  Marston's  Formula  (\);  Transactions,  Am.  Soc.  C.  E.,  Vol.  xxxix,  p.  113. 


726  DISCUSSION   ON   THE   PRACTICAL   COLUMN".  [Papers. 

Mr. Cain,  approximation,  likewise,  than  that  given  in  "Theory  of  the  Ideal 
Column  "  where  the  writer  neglected  terms  containing  9*  and  higher 
powers  of  6i. 

Of  course,  the  approximate  development  for  A^  could  not  be  used 

for  most  of  the  values  of  —  given  on  the  author's  diagrams,  and  it 

cannot  be  utilized,  therefore,  in  deducing  the  equivalents  of  (7)  and 
(8);  in  fact,  there  would  be  no  gain  in  doing  so,  as  the  author's 
formulas  are  briefer  than  the  resiilts  corresj^onding. 

The  most  compact  formula  is  the  exact  one  given  by  Ernst  F. 
Jonson,  Assoc.  M.  Am.  Soc.  C.  E.  ,*  and  which,  adopting  the  author's 
notation,  is. 


A 

where/,,  =  {F,.  — /,,)  for  the  extreme  fiber  on  the  concave  side  and 
/„  =  (  —  Ff  4-/,/)  for  the  extreme  fiber  on  the  convex  side,  F,  being 
-f-  when  compressive,  —  when  tensile  (page  336). 

Recurring  now  to  "the  application  of  the  formulas  in  practice" 
(page  400),  there  is  room  for  difference  of  opinion  as  to  basing  the 
factor  of  safety  on  the  lower-limit  curves  of  the  diagrams,  especially 
where  the  lower-limit  curves  pass  below  all  the  plotted  positions  as 
given  by  experiment. 

If  very  small  factors  of  safety  are  used,  then,  undoubtedly,  the 
lower-limit  curves  should  give  the  basis  for  the  formulas  to  use  in 
practice,  or  disaster  might  follow  on  increasing  the  loads,  as  the 
column  in  question  might  have  a  crippling  strength  near  that  given 
by  the  lower-limit  curve.  Thus,  if  the  factor  of  safety  was  2  and  the 
loads  were  eventually  doubled  (as  has  happened  on  a  number  of 
railways  in  this  country  in  the  past),  the  column  would  certainly  be 
regarded  as  dangerous  if  the  factor  2  was  based  on  the  average  curve 
passing  somewhat  centrally  through  the  points  on  the  diagram  given 
by  experiment. 

But  if  the  factor  is  4  or  5,  it  seems  safe  to  take  the  average 
curve,  even  if  the  loads  are  to  be  doubled  in  twenty  or  thirty  years. 
Some  of  the  columns  will  thus  have  factors  of  safety  above  that 
given  and  others  below;  so  it  would  seem  that  the  greatest  economy 
should  be  secured  by  basing  the  safe  ciirve  upon  the  average 
curve. 

If  there  is  any  merit  in  this  contention,  then  the  objection  is  more 
marked  when  for  flat-ended  columns  "the  curve  indicating  the  load  at 
which  tensile  stress  commences,"  falls  far  below  the  results  for  experi- 
ments, as  in  some  of  the  diagrams.  In  fact,  failure  does  not  begin  for 
such  a  load  for  any  given  column.     The  case  is  similar  in  one  respect 

*  Proceedings,  Am.  Soc.  C.  E..  May.  1900,  p.  601. 
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to  the  voussoix-  arch  without  mortar  joints,  when  the  line  of  the  centers  Mr.  Cain, 
of  pressure  falls  outside  the  middle  third.  No  tension  is  exerted  on  a 
joint  where  this  occurs,  but  the  compressive  stresses  are  distributed 
according  to  a  uniformly  increasing  law,  and  the  material  may  be 
strong  enough  to  withstand  the  maximum  stress  induced.  Similarly, 
in  the  column,  where  the  resultant  force  is  not  too  near  the  edges  of 
the  end  sections,  the  maximum  stresses  in  the  extreme  fibers  may  not 
be  too  great  for  strength  or  stability.  Some  allowance,  however,  should 
be  made  here  for  such  cases,  and  the  results  of  experiments  should  be 
the  main  guide. 

J.  L.  Power  O'Hanly,  M.  Am.  Soc.  C.  E.  (by  letter). — This  is  an  Mr.  CHanfy. 
interesting  paper  on  a  most  important  subject.  The  demonstration  is 
simply  faultless.  The  theory,  now  for  the  first  time  propounded,  as 
far  as  the  writer  is  aware,  only  requires  a  multiplication  of  tests  to 
bring  the  unassignable  elements  of  the  problem  into  closer  harmony 
with  the  results  of  experiment,  in  order  to  subject  them  to  the  leash 
of  induction.  The  subjoined  remarks  will  be  confined  to  this  phase 
of  the  inquiry.  The  writer  has  adoj^ted  the  author's  notation  and 
data  when  not  otherwise  specified. 

1.  "  Test  No.  5  of  Table  /. "— Hodgkinson's  tests  (page  346). 
The  moment  of  inertia  is  0.0472  in.,  not  0.472  in.,  as  given  in  the 
text. 

2.  "  lest  No.  20  of  lahle  /"  (page  347).— The  writer  finds  some 
slight  discrepancies  between  his  computed  deflections  and  the 
author's  figures. 


A  =  d- 


PP 


P  X  3422.25  X  0.0675 


El—iPP 


8  X  13  500  000  X  0.74 


X  3422.25  P 


231  P 


810  P 


79  920  000  —  2  852  P  ~  28  022  —  10  000  P 


Load,  in  (t.  in.  +  Fin.)  =        Din. 

pounds.  Writer.  Writer. 

3  355.... 0. 01097  +  0  =0.01097. 

7  386.... 0.02419  +  0  =0.02419, 

12  970....  0.0697  +  0  =0.0697   . 

19  943....  0.2000  4-  0  =0.2000   . 

21 035...  0.2439  +  0  =0.2439. 

22  127....  0.3040  +  0  =0.3040. 

23  219....  0.3916  +  0  =0.3916  . 

24  311....  0.5225  +  0  =-0.5225. 

24  857. . .  .0.6361  +  0  =  0.6361   . 

25  403....  0.7856  +  0  =0.7856   . 

26  000....  1.0410  +  0  =1.0410   . 


Din. 
Author. 

.0.0109. 
,  .0.0287. 
.0.0686., 
.0.1943.. 
.0.2360., 
.0.2800.. 
.0.3740, 
.0.5000.. 
.0.5940. 
.0.7230. 
,0.9350.. 


Din. 
Observed. 

.  bent. 

.0.02 

.0-07 

.0.20 

.0.2b 

.0.28 

.0.37 

.0.50  to  0.52 

.0.60 

.  <x.   failed. 
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Mr.  O'Hanly.  3.  "  Tfes/  JVo.  1,  of  Table  VIII"  (page  347). — The  writer  cannot 
reconcile  the  author's  I  =^  0.367  iu.  with  his  own  calculations,  of  0.387 
in.     The  computations  follow  : 

J=-^  (7.'-/.'^)=;-^,  (1.78^-1.21*) 


64 


20.4 


1  7  805 

=  204  (^^-^^^^  -  ''^•^^^*^)  =  "204  =  ^•=^^^' 
in  which  //  is  the  external  and  h'  the  internal  diameter. 
Again, 

I:.^  n'  b  li^  =  u'  h^ 

■'^  ^  1       ^  2.1436\ 

"  100388/ 
1       ._.,.        O  78647 


'"'  ~  204 "V"      h^J-  204  V 


:i 


0.21353) 


0.03855 


204    '  •     "  -y  204 

/=  003855  X  100388  =  0387; 
in  which  n'  is  a  numerical  factor  depending  on  the  form  of  cross- 
section. 
Also, 

I  =  q  c  h  n. 


^-4('+f^)=i(>+^; 


4641  \ 
1684/ 


1.4616 


01827. 


/=01827  X  089  X  1.78  x  1.367  =03957; 
in  which  q  is  a  numerical  factor  depending  on  the  form  of   cross- 
section. 


A  = 


PI-  e 


P  X  89^   X  Oil 


8^/- 

iP  r-       8  x  15  000  000  X  0.387  —  f  P  x  89^ 

7921  X  Oil  X.P 

871.31  P 

120  000  000  X  0387—  ^  X  7921  x  P  "" 

46  410  000  — 6601  P 

1320  P 

~  7035  —  10  OUO  P 

Load,  in 
pounds. 

(o  in.      —    Tin.)     =         Din. 
Writer.                                 Writer. 

D  in.             D  in. 
Aiithor.      Observed. 

2  237 . . 

.0061,54  —  003     =  0031.54. 

.00.3655..  .0.03 

2  813.. 

.0088      —  O03     =  O058     . 

.  0 06933...  0 07 

3  317.. 

.  .011776  —  003     =  008776 

.01005   ..   Oil 

3  821 . . 

.  .015693  —  003     =0.12693. 

0.147      ...016 

4  325   . 

. .  0. 21066  —  O  03     =  0 18066 . 

.02133   ...O20 

4  829 . . 

. .  0. 28895  —  0. 03     =  0. 25895 . 

.0316     ...032 

5  333 . . 

.04136    —  O03     =  03836   . 

.0495     ...049 

5  585 . . 
(6  OOOj . . 

.05084    —  O03     =  04784   .. 
..077       —  O03     =  074       .. 

0.647    (  ^^*     observed 
'.,'__.   J  column  not  al 
■^■^"    /  lowed  to  break 
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4.    "  Test  iVb.  o,  of  Table  VII F'  (page  348).     In  this  case,  the  writer  Mr.  O'Hanly. 
differs  from  the  author  in  the  value  of  the  moment  of  inertia. 


64 


(h'  -  h'*) 


20.4 


(24.7297  —  5.4795) 


19.35 


Again, 


20.4 

=  n'  b  W 


0.9436  in. 


1      /     _  ir_\  _      l_  /     _   5.4798  \ 
20.4   \  ;//y^20.4\     "24.7297/ 


20.4 


(1  —  0.2216) 


0.7m 
~2074~ 


24.7297/ 
0.038157 


/=  0.038157  X  24.7297  =  0.9436. 


Also, 


q  ch  a. 


IO  +  '^)-iO  +  ^-^^ 


^4-a  +  o.«)^MZ 


4.9729/ 
0.18375. 


A  = 


/=.  0.18375  X  1.115  X  2.23  x  2.667  =  0.9445. 
PI-  £  F  X  7835.8  X 0.175 


8EI—^FP       116  000  000  x  0.9436  —  f  X  7835.8  X  F 
1371.265  P  2100  P 


109  457  600  —  6530  P       16  762  —  10  000  P 


Load,  in 
pounds. 

2  237 . . . 

4  325 . . . 

6  341 . . . 

8  357 . . . 

9  365... 
10  373... 
11381... 
12  137... 

12  389... 

13  000.  .. 


( A  in. 
Writer. 

.0.03223 

.0.073 

.0.12777 

.0.208 

.0.26587 

.0  3408 

.0.6441 

.0.551 

.0.5963 

.0.7257 


Fin.)     = 

0.025  = 

0.025  = 

0.025  = 

0.025  = 

0.025  = 

0.025  = 

■0.025  = 

0.025  = 

0.025  = 

0.025  = 


Din. 
Writer. 

0.00723 

0.048 

0.10277 

0.183 

0.24087 

0.3158 

0.4191 

0.526 

0.5713 

0.7007 


5.    "  Test  No.  15,  of  Table  VI I V 

-^^^-3  973 
-  20.4  -  ^•^'^• 


(pages  348 

1 
20.4 


Din. 
Author. 

.0.0097 

.0.0546 

.0.1165 

.0.2125 

.0.2835 

.0.379 

.0.5225 

.0.683 

.0.7275 

.0.97 

-9). 
46. 405  \ 


Din. 
Observed. 

..0.04 
..0.06 
..0.12 
.  .0.22 
..0.28 
..0.37 
..0.55 
..0.69 

not  observed ; 

column      not 
/  broken. 


/  46.401 

V  127.45 


127.455/ 
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Mr.  OHanly.  Again, 

I=n'bh''  =  n'  h^ 


20.4  ~  V  hW       20.4  V  121  Abb  J 

=  ^«  =  0.0311765. 
/=  0.0311765  X  127.455  =  3.973  + 


Also, 


I  ^=^  q  c  h  a. 
1     f^    .^^"^         ^    (  ^  ^  6.81  \       1.603       .^ 

/=  0.2  X  1.68  X  3.36  X  3.5186  =  3.972  in. 

PP  E  P  X  87.39-  X  0.16 

A  = 


8^7  — 

^Pl'~ 

"  8  X  12  000  000  X  3.973  —  |  P 

X  87.39^ 

1221.92  P 

1920  P 

351  408  500  —  6  364  P  ~  59  932  —  10  000  P 

Load,  in 
pounds. 

(  A  in. 
Writer. 

+    l^in.) 

=       Din. 
Writer. 

Din. 
Author. 

Din. 
Observed. 

3  355.. 

.0  0114 

+  0.035 

=  0.0464    ... 

..0.0466.. 

.  bent. 

16  115.. 

..0.0706 

+  0.035 

=  0.1056    ... 

..0.1077.. 

.0.09 

18  667.. 

..0.08685 

+  0.035 

=  0.12185.., 

..0.1245.. 

.0.13 

21  729 . . 

..0.1092 

+  0.035 

=  0.1442   .. 

..0.1478.. 

.0.15 

24  148.. 

...0.1296 

4-  0.035 

=  0.1646  .. 

..0.1691.. 

.0.17 

28  986 . . 

..0.1852 

+  0.035 

=  0.2202   . . 

..0.2222.. 

,.0.24 

33  824.. 

.  .0.2487 

+  0.035 

=  0.2837   .  . 

..0.2975. 

..0.30 

37  701 . . 

..0.3256 

+  0.035 

=  0.3606  .. 

..0.3795. 

..0.38 

41632.. 

.  .0  4368 

+  0.035 

=  0.4718  .  . 

..0.503   .. 

.0.48 

43  597.. 

..0.5124 

+  0.035 

=  0.5474  .. 

..0.59     . 

.0.59 

45  563.. 

..0.6088 

+  0.035 

:=.  0.6438   .. 

..0.7 

.  .0.67 

47  528.. 

..0.7256 

+  0.035 

=  0.7606  .. 

..0.8525. 

.  .0.87 

48  511 . . 

..0.8155 

+  0.035 

=  0.8505  .. 

..0.94     . 

.  .0.90 

49  494. . 

..0.9094 

4-0.035 

=  0.9444   . . 

..1.067   . 

.  .1.07 

50  477.. 

..1.025 

+  0.035 

=  1.06 

.1.21      .. 

.     QC 

The  writer  is  not  aware  of  any  si^ecial  adaptation  of  the  moment  of 
inertia  formula  for  tLe  case  of  a  hollow  column  in  which  the  inner 
circle  is  eccentric  to  the  outer.  He  might  evolve  an  approximate  one 
to  meet  such  an  exigency;  but,  where  so  many  of  the  data  have  to  be 
guessed  at,  he  considers  such  refinement  uncalled  for. 

6.  "  Test  JSTo.  7,  of  Table  III"  (page  349).— The  writer  has  verified  the 
deflections  in  four  cases  of  this  example,  viz. ,  first,  fourth,  sixth  and 
last.  His  findings,  in  every  instance,  agreed  with  the  figures  of  the 
text. 

7.  "  Test  iVo.  204.— T  bar;  1  in.  X  1  in.  X  87.25  ins.  length  over 
all,  1-in.  balls  and  plates,  86.25  ins.  effective  length  =  /. "     (page  350). 
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In    Mr.     Christie's    pajjer    on    the    "Strength    of    Wrought-Iron  Mr.  O'Hauly. 
Struts,"*  the  length  of  the  bar  is  given  as  8  ft.  3]  ins.,  not  87.25  ins., 
but  99.25  ins.,  making  the  author's  effective  length  /  =  98.25  ins.,  not 
86.25  ins. 

J=  «  r-  =  0.3  sq.  in.   x  0.26'  =  0.02028  in.* 

The  other  data,  as  submitted  by  the  author,  have  been  used. 

P  X  9653  X  0.0525 _  506.7825  P 

~  188  000  000  X  0.02028  —  f  X  9653  P  ~  3  812  640  —  8042.5  P 

__  630  P 

~  474  —  10  900  P 

Load,  in        ( :.  in.      +    Fin.)     =       Din.  Z>  in.  Din. 

pounds.        Writer.  Writer.  Author.      Observed. 

100.... 0.01685 +  0.025  =.  0.04185 0.0372. ..  .0.05 

200. . .  .0.046      +  0.025  =  0.071     0.0554.  . .  .0.05 

300.  . .  .0.1086    -I-  0.025  =  0.1336  0.0852. . .  .0.08 

400.... 0.34        +0.025  =  0.365     0.1428. ..  .0.15 

t(474)..         X  

500 0.301  0.30 

550 0.566  X 

Thus  it  is  seen  that  the  comjnited  deflections  of  an  imaginary 
column  may  be  made  to  conform  with  the  recorded  tests  of  a  column 
which  went  through  the  mill.     How  far  may  this  impair  confidence  ? 

8.   "  Test  No.  205  "  (page  350). 

Load,  in  ( ^  in.      -f    V  in.)     =       Din.  Din.  Din 

pounds.         Writer.  Writer.  Author.       Observed. 

500. . .  .0.0003  +  0.035  =  0.0353  .  .  .0.03.3 0.03 

5  000. . .  .0.0038  +  0.035  =  0.0388. .  .  .0.0388 0.04 

10  000. . .  .0.009    +  0.035  =  0.044   . .  .  .0.0441 0.05 

15  000.  . .  .0.0169  +  0.035  =  0.0519  . .  .0.0518 0.05 

20  000. . .  .0.0295  +  0.035  =  0.0645. . .  .0.0643 0  06 

25  000.  .  .  .0.0534  +  0  035  =  0  0884  . .  .0.0876 0.09 

30  000....  0.1123 +  0.035  =  0.1473. ..  .0.1472 0.15 

34  000. . .  .0.366    +  0.035  ^0.401    ...  .0.373   .  (  not    recorded; 

34  110. . .  .0  3816  +  0.035  =  0.4166. . .  .0.391   .  \  column  failed. 

9.  "  Test  No.  206"  (page  351).— The  writer  has  verified  the  first, 
fourth,  eighth  and  last  examples,  and  found  them  to  agree  with  the 
figures  in  the  text. 

*  Transactions,  Am.  Soc.  C.  E.,  vol.  xiii,  p.  105. 
t  With  a  load  of  474  lbs.,  the  deflection  is  infinite. 
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Mr.  O'Hanly. 


10.  "  Test  No.  208''  (page  351) 


Load,  in  (  a  in. 

pounds.  Writer. 

200 0.00538 

600....  0.01966 

800   ...0.02943 

1000....  0.94193 

1200....  0.05849 

1  400.... 0.08147 
1600....  0.11552 
1800  ...0.17114 

2  000....  0.27842 
2  200.... 0.571 

(2  250)... (0.74585 
(2  300).  ..(1.05343 

11.    ''Test  No.  211  " 


( A  in. 
Writer. 


Load,  in 
pounds. 

500...  0.00533 

2  000.... 0.02463 

3  000.  ...0.04117 

4  000  ...0.062 

5  000.... 0.08898 

6  000....  0.12537 

7  000.... 0.1771 

8  000....  0.2.563 

9  000.... 0.39378 
9  500....  0.50824 
9  510  ...0.511 

9  550.... 0.5226 


+  Tin.) 

+  n.03 

+  0.03 
+  0.03 
+  0.03 
+  0.03 
-f-0.03 
+  0.03 
+  0.03 
-f  0.03 
+  0.03 
+  0.03) 
+  0.03)  = 

(page  352) . 
4-  Fin.)  = 

+  0.02  = 
+  0.02  = 
+  0.02  = 
+  0.02  = 
+  0.02  = 
+  0.02  = 
+  0.02  = 
+  0.02  ^ 
+  0.02  ^ 
+  0.02  = 
+  0.02  = 
+  0.02  = 


Din. 
Writer. 

0.03538 

0.04966 

0.05943 

0.07193 

0.08849  , 

0.11147 

0.14552 

0.20114 

0.30842  . 

0.601       . 

(0.77585). 

(1.35343). 


Din. 
Writer. 


Din. 

Author. 

.  0.0354 
.  0.0497 
.  0.0594 
.  0.0719 
.  0.0884 
.  0.1114 
.  0.1453' 
.  0.2010 
.  0.3075 
.  0.566     . 
.(0.77     ) 
.(0.072  ) 


Din. 
Author. 


Din. 
Observed. 

..0.02 

..0.05 

.  .0.06 

.  .0.07 

.  .0.09 

. .0.12 

.  .0.15 

..0.20 

..0.30 

. .  oc  failed. 


Din. 
Observed. 


0.02533 0.0253 0.03 

0.04463 0.0446 0.05 

0.06117 0.0611 0.06 

0.082      .....0.0818 0.08 

0.10898  ...  .0.1086 0.10 

0.14537 0.1446 0.15 

0.1971  0.196  C.20 

0.2763  0.2745 0.27 

0.41378 0.409  0.40 

0.52824 0.521  not  recorded. 

0.531  0.524  X  failed. 

0.5426  0.536  


12.  "  Test  No.  217  "  (page  352). — The  writer's  computed  deflections 
agree  with  the  figures  of  the  text  up  to  load  1  7()0  lbs.,  the  writer's 
being  0.002  in.  in  excess  ;  at  1  750  lbs.,  0.0055  in.;  and  at  1  800  the 
excess  is  0.0024  in. 

The  thanks  of  members  are  .justly  due  to  the  author  for  this 
valuable  paper,  and  he  is  to  be  congratulated  on  the  skill,  industry 
and  ability  displayed  in  its  preparation. 
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A  PROPOSED  METHOD  FOR  THE  PRESERVATION 
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By  Messrs.  Henry  G.  Prout,  J.  H.  Deghuee,  F.  W.  Skinnee,  Henry 
GoiiDMARK,  Egbert  Caetwkight,  V.  G.  Bogue,  Joseph  O.  Osgood, 
Samuel,  Whinery,  Horace  J.  Howe  and  WrLLiAM  Moncure. 


Henry  G.  Prout,  M.  Am.  Soc.  C.  E. — This  paper  presents  a  prop-  Mr.  Prout. 
osition  whicli  is  attractive,  novel,  and,  so  far  as  the  speaker  is  aware, 
entirely  original.  Of  course,  the  proposition  to  prevent  the  decay  of 
wood  by  subjecting  it  to  a  sterilizing  temperature  is  by  no  means  new. 
About  twelve  years  ago  the  process  known  as  vulcanizing  was  exj^loited 
somewhat  in  New  York  City  on  precisely  the  theory  advanced  by  Mr. 
Kummer,  viz.,  that  subjecting  the  wood  to  a  high  temperature  would 
kill  the  germs,  and  that  this  temperature  would  solidify  the  albumen 
and  other  constituents  of  the  sap  and  thus  fill  the  pores  of  the  wood 
with  a  solid,  impervious,  waterproof  substance.  The  wood  was  treated 
under  a  high  j^ressure  also,  to  prevent  checking.  There  should  be  by 
this  time  sufficient  e.xperience  to  show  whether  or  not  the  expectations 
have  been  realized. 

A  large  amount  of  vulcanized  timber  was  put  into  use  by  the 
Manhattan  Elevated  Railway,  in  the  tracks,  station  platforms  and 
possibly  elsewhere,  ten  years  ago,  or  possibly  longer.  A  considerable 
quantity  was  also   put  in   service  on  the   New  York   and   Brooklyn 

*This  discussion  (of  the  paper  by  F.  A.  Kummer,  Jun.  Am.  Soc.  C.  E.,  printed  in 
the  Proceedings  for  May,  1900)  is  printed  in  Proceedings  in  order  that  the  views 
expressed  may  be  brought  before  all  members  of  the  Society  for  further  discussion. 
(See  rules  for  publication.  Proceedings,  Vol.  xxv.  p.  71.) 

Communications  on  this  subject  received  prior  to  September  22d.  1900,  will  be  printed 
in  a  later  nximber  of  Proceedings,  and  subsequently  the  whole  discussion  will  be  pub- 
lished in  Transactions. 
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Mr.Prout.  Bridge  by  Mr.  Martin,  and  a  large  quantity  was  sliijiped  to  the  North- 
western Elevated  Railway  of  Chicago.  From  all  these  places  we 
should  now  be  able  to  get  some  information  as  to  whether  or  not  the 
vulcanizing  process  has  any  merit. 

Obviously,  however,  the  author  thinks  that  vulcanizing  is  not 
thoroughly  efficient.  He  must  be  quite  familiar  with  its  results,  and 
yet  he  i^roijoses  to  go  further  and  sui>plement  it  by  the  addition  of 
the  antiseptic  material  and  also  the  waterproofing  resin.  The  speaker 
has  always  been  skeptical  as  to  the  results  of  vulcanizing,  because  it 
has  seemed  inevitable  that  the  transverse  strength  of  the  timber  would 
be  injured  by  heating  it  to  such  a  high  temperature. 

In  the  early  stages  of  vulcanizing,  R.  H.  Thurston,  M.  Am.  Soc.  C. 
E. ,  who  was  then  at  Stevens'  Institute,  made  some  tests  of  vulcanized 
sticks  and  rejjorted  that  the  transverse  strength  of  the  timber  did  not 
deteriorate  under  the  process.  The  speaker  has  heard  nothing- 
further  as  to  those  results  since  Professor  Thurston's  tests. 

Were  it  not  for  Mr.  Rummer's  statement,  the  speaker  would  also 
feel  skeptical  as  to  whether  or  not  such  a  quantity  of  resin  can  be 
forced  into  the  timber. 

It  is  obvious  that  the  high  temperature  treatment  will  develop 
checks  in  the  timber — checks  which  are  otherwise  there,  or  would 
otherwise  occur — and  that  those  checks  will  be  filled  with  creosote 
and  resin  which  will,  undoubtedly,  add  to  the  life  of  the  timber. 

■  The  most  important  question  is  whether  or  not  timber  is  actually 
injured  by  subjecting  it  to  a  temperature  of  about  300°,  under 
pressure. 
Mr.  Deghu6e.  J.  H.  Deghuee,  Esq. — Vulcanized  wood,  with  which  the  speaker 
has  had  some  esjierience,  has  been  used  for  the  past  12  or  15  years. 
The  wood  was  heated  to  a  temperature  of  aboiit  85°  under  a  pressure 
of  about  90  lbs.  It  has  never  been  found  that  this  treatment  injured 
the  fiber  of  the  wood  in  the  least.  The  speaker  has  seen  the  tests 
made  by  Professor  Thurston  and  by  others,  and  these  tests  showed 
that  the  timber  was  strengthened.  The  difficulty  found  with  vulcan- 
ized wood  was,  that  when  it  began  to  decay,  that  decay  began  at  the 
surface,  not  at  the  heart.  The  sterilizing  treatment  was  sufficient  in 
that  respect,  and  whenever  decay  began  it  was  caused  by  contamina- 
tion from  outside,  evidently  by  being  washed  by  the  rain  water. 

The  process  described  by  the  author  seems  to  be  especially  adapted 
to  overcome  that  difficulty.  It  i^roduces  i^ractically  vulcanized  wood 
with  an  antiseptic  shell.  It  would  seem  that,  as  the  heart  of  vulcan- 
ized wood  never  decays  and  an  efficient  antiseptic  shell  is  provided, 
the  process  not  only  overcomes  the  troubles  encountered  with  vulcan- 
ized timber,  but  also  the  objections  to  ordinary  creosoted  wood.  In 
the  latter,  the  objection  is  reversed,  as  the  wood  frequently  decays  at 
the  heart  on  account  of  imperfect  sterilization.     Another  objection  is 
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that  it  is  soft,  and  does  not  resist  the  crushing  strain.  Creosote,  Mr.  Dej^rhufie. 
although  it  may  not  be  soluble,  is  washed  out,  perhaps  by  the 
mechanical  action  of  the  water.  The  speaker  has  experimented  with 
wood  treated  by  the  process  described  in  the  paper,  and  has  found  that 
it  actually  shed  water,  the  water  running  in  drops  on  the  surface. 
He  has  made  soaking  tests  of  the  wood,  and  found  that  absolutely 
none  of  the  material  will  dissolve.  After  soaking  the  wood  for  three 
or  four  weeks  it  was  impossible  to  detect  any  of  the  preservative 
material  in  the  water. 

The  term  vulcanizing  is  probably  only  a  trade  name,  given  to  the 
treatment  on  account  of  its  being  a  heating  process.  In  vulcanizing 
it  has  seemed  to  the  sjjeaker  that  the  treatment  is  primarily  a  sterilizing 
process— simply  a  thorough  sterilization  of  the  wood — the  secondary 
action  being  the  decomposition  of  the  sap  and  the  production  of  a 
small  quantity  of  wood  tar  creosote  in  the  sap  of  the  wood.  This 
creosote  is  antiseptic,  but  the  amount  is  rather  small,  and  it  has  been 
found  that  it  was  not  sufficient  to  prevent  external  contamination; 
that  a  fungus  could  groAv  in  the  wood  if  it  could  penetrate  it  from  the 
surface,  and  that  in  time  the  surface  would  begin  to  decay.  It  is  also 
probable  that  these  antiseptic  bodies  which  Avere  produced  by  the 
heating  were  not  strong  enough  to  prevent  that  decay. 

The  theory  that  the  elements  of  the  sap  were  hardened  and  filled 
the  pores  with  impervious  substance  has  not  been  verified. 

Frank  W.  Skinner,  M.  Am.  Soc.  C.  E. — This  paper  gives  an  inter-  Mr.  Skinner, 
esting  description  of  a  process  which  seems  to  be  admirably  adapted 
to  secure  the  ends  which  are  sought. 

The  principal  requirements  in  connection  with  the  process  are: 
The  seasoning  of  the  wood  and  its  sterilization  at  a  high  temperature, 
the  extraction  of  the  volatile  substances  in  the  timber,  the  operation 
of  the  vacuum  for  withdrawing  the  air,  and  injecting  an  antiseptic 
and  waterproof  substance.  The  question  as  to  whether  or  not  all 
these  processes  are  desirable,  are  harmless  or  are  beneficial,  should 
be  considered.  The  weight  of  evidence  presented  seems  to  be  that 
the  degree  of  heat  maintained  in  seasoning  and  sterilizing  is  not  to 
be  considered  as  detrimental  to  the  fiber  or  the  strength  of  the 
timber. 

The  question  as  to  whether  or  not  the  removal  of  all  the  volatile 
oils  in  the  timber  is  detrimental  has  not  yet  been  raised.  The  speaker 
doubts  the  advantage  of  removing  them.  He  has  positive  assurances, 
from  those  whose  investigations  and  judgment  he  greatly  respects, 
that  the  extraction  of  all  the  juices  of  the  timber  impairs  its  strength 
and  makes  it  brash.  That  jjoint  is  worthy  of  discussion.  Supposing 
that,  however,  to  be  settled  in  either  way,  we  obtain  a  piece  of  timber 
which  is  supposed  to  have  been  sterilized;  that  is,  admitting  the  decay 
of  the  timber  to  be  due  to  bacterial  agencies,  the  bacteria  are  all 
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Mr.  Skinner,  killed.  After  this  the  injection  of  the  antiseptic  material  seems  to  be 
somewhat  supererogatory.  If  the  timber  is  to  be  filled  with  antiseptic 
material,  why  need  it  be  sterilized  first?  If  the  material  is  an  anti- 
septic, it  should  be  an  efficient  one  without  sterilization,  and  it  would 
seem  that  Mr.  Kummer's  formula  for  an  antiseptic  is  likely  to  give 
very  good  results.  The  waterproofing  and  the  constituents  of  the 
liquid  seem  to  be  desirable,  and  the  speaker  agrees  with  Mr.  Nichols 
that  it  seems  likely  that  the  process  should  be  preservative  and  increase 
the  durability  of  the  timber. 

There  are  one  or  two  points  in  reference  to  the  manufacture  which 
the  author  should  make  clear.  In  the  first  jjressure  treatment  of  the 
timber,  is  pneumatic  pressure  applied?  Apparently',  no  liquid  or  water 
is  introduced;  so  that  it  may  be  inferred  that  the  first  is  an  air  process. 
Secondly,  the  schedule  of  time  required  for  the  treatment  of  the  timber 
is  stated  to  be  twelve  hoiirs.  Is  that  twelve  hours  of  net  time  or  of 
gross  time?  Can  a  charge  of  timber  be  brought  from  stock  at  6  a.  m. 
of  a  given  day  and  be  turned  out  as  a  finished  product  at  6  p.  m.  of  the 
same  day?  If  so,  the  process  is  materially  more  raj^id  than  most  of 
those  with  which  we  are  familiar. 

There  is  one  point  in  the  paper  to  which  the  speaker  is  obliged  to 
take  exception,  viz.,  the  statement  that  the  impregnation  with  an  anti- 
septic fluid  is  very  difficult  or  impossible  in  the  case  of  large  timber. 
There  is  to-day  established  in  Philadelphia  a  company  which  impreg- 
nates, to  a  hitherto  undreamed-of  extent,  hard  and  soft  timber  of  any 
merchantable  size,  12  x  12  ins.  or  greater,  right  to  the  core.  In  that 
process  a  piece  of  timber  is  put  in  a  retort  and  satiirated  to  120%"  in 
from  40  minutes  to  three  hours  according  to  its  thickness.  A  piece  of 
white  pine  1  in.  thick  can  be  saturated  to  V2Q%  in  40  minutes,  and  a 
timber  10  ins.  square  is  saturated  to  the  same  percentage  in  a  little 
less  than  three  hours.  The  treatment  of  hard  wood  requires  about 
40%  more  time.  By  V20%  saturation  it  is  meant  that  a  stick  of  timber 
weighing  100  lbs.  when  put  in  the  retort  will  weigh  220  lbs.  when 
removed.  This  is  effected  in  a  closed  retort  by  means  of  very  heavy 
hydraulic  pressure,  about  500  lbs.  for  working  pressure,  and  as  high 
as  1  000  lbs.  if  necessary,  and  the  apparatus  is  such  that  this  pressure 
can  be  applied  in  a  very  few  minutes.  In  a  treatment,  which  the 
speaker  witnessed,  some  pieces  of  timber  were  inserted  in  the  retort, 
saturated  to  nearly  200%  and  taken  out  in  63  minutes,  and  the  retort 
was  ready  for  another  charge.  That  is,  a  round  trip  was  made  in 
about  an  hour,  so  that  the  injection  of  antiseptic  fluid  can  be  made  to 
the  heart  of  timber  of  any  size  in  length  and  cross-section.  That 
process  of  complete  impregnation,  together  with  the  formula  and 
materials  described  in  the  paper,  might  lead  to  exceedingly  valuable 
results.  It  might  obviate  the  necessity  of  sterilization  and  possibly 
the  necessity  of  high  temperature  in  seasoning. 
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The  high-pressure  process,  just  described,  is  not  used  for  wood  Mr.  skinner, 
preservation,  but  for  the  purpose  of  making  the  wood  non-inflammable. 
The  speaker  has  made  pine  wood  shavings  -y-ith  of  an  inch  in  thickness, 
has  placed  a  spoonful  of  them  on  a  platinum  plate  and  put  that  over 
a  Bunsen  burner  and  held  it  there  in  the  fiercest  flame  for  probably  10 
minutes.  It  was  not  consumed;  it  was  blackened  and  could  be  crumbled 
easily,  but  under  no  circumstances  would  it  blaze.  A  block  of  wood 
2  or  3  ins.  thick,  and  thus  treated,  was  placed  in  the  furnace  of  a  steam 
boiler  and  left  there  over  night.  In  the  morning  it  was  charred  on  the 
outside,  but  had  not  been  consumed. 

Heney  Goldmaek,  M.  Am.  Soc.  C  E. — A  comparison  between  the  Mr.  Goldmark. 
cost  of  the  process  described  by  the  author  and  that  of  the  improved 
chloride  of  zinc  method  would  be  interesting  and  instructive.  There 
is  little  doubt  that  the  injection  of  creosote  preserves  the  timber 
longer,  and  under  more  unfavorable  conditions,  than  any  other  process. 
It  is,  however,  by  far  the  most  expensive  means  of  ijrotection. 

The  whole  question  of  timber  preservation  is,  after  all,  one  of 
economy.  The  point  is,  not  whether  the  ordinary  or  an  improved 
creosote  process  is  the  best  thing,  but  whether  something  else  much 
cheaper  will  not,  at  least  for  railroad  ties,  serve  a  useful  i^urpose.  The 
German  raih'oads  have  had  an  extended  experience  for  many  years 
with  the  Rutgers  process.  This  consists  in  injecting  chloride  of  zinc, 
with  the  addition  of  a  small  percentage  of  dead  oil  of  tar.  The  theory 
of  the  method  is,  that  the  dead  oil  of  tar  will  prevent  the  zinc  salt, 
which  is  soluble  in  water,  from  being  washed  out. 

The  results,  as  given  out  by  the  company  which  does  most  of  the 
work,  are  extremely  favorable.  They  are  based  on  ofiicial  investiga- 
tions by  the  German  government,  and  are  believed  to  be  reliable. 

The  cost  of  this  improved  zinc  process  is  so  much  less  than  that  of 
creosoting  that  it  is  more  likely  to  be  adopted  on  a  large  scale  in  this 
country  than  more  expensive  methods. 

Egbert  Caktweight,  M.  Am.  Soc.  C.  E. — The  preservation  of  wood  Mr.Cartwright. 
is  very  desirable,  jjrovided  it  can  be  accomj)lished  at  a  minor  expense. 
The  speaker  at  one  time  burnettized  a  great  deal  of  bridge  timber. 
The  process  consisted  of  enclosing  the  timber  in  a  tight  receptacle  and 
boiling  out,  as  it  were,  the  pyroligneous  acid.  Of  course,  being  under 
pressure  and  in  a  water-tight,  hermetically  sealed  tank,  there  was  no 
opportunity  for  the  oxygen  to  get  at  the  acid.  The  hot  water  dis- 
solved the  acid  and  was  then  drawn  off.  Dry  heat  was  then  applied 
and  a  solution  of  sulphate  of  zinc  was  introduced  under  pressure  and 
thereby  injected  into  the  tubes  forming  the  wood  fiber. 

The  speaker  has  frequently  used  a  second  time  the  clamps  and 
keys  from  a  worn-out  bridge.  The  Indians  frequently  stole  the  ordi- 
nary timber,  but  would  not  touch  the  burnettized  sticks,  because  they 
could  not  saw  them  nor  split  them,  and  the  wood  would  not  burn. 
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Mr.Cartwright.  The  burnettizing  process,  however,  was  very  expensive,  and  to-day  the 
object  is  to  get  the  best  preservative  for  the  least  amount  of  money. 
It  is  said  that  the  process  described  in  the  paper  is  economical,  and 
this  is  a  point  in  its  favor. 
Mr. Bogue.  V.  G.  BoGUE,  M.  Am.  Soc.  C.  E.  (by  letter).— Notwithstanding  all 
the  creditable  work  which  has  been  done,  we  miist  confess,  that,  during 
the  last  1.5  or  20  years,  there  has  been  but  little  absolute  progress  in 
the  science  of  wood  preservation.  We  know  that  the  creosoting  process 
is  the  most  reliable,  but  no  process  has  yet  been  discovered  which  can 
be  fully  depended  upon  in  all  situations  and  for  all  varieties  or  classes 
of  timber. 

The  author  states  that  the  results  obtained  with  creosote  do  not 
indicate  that  after  treatment  there  often  occurs  such  cracking  or 
checking  as  to  expose  the  untreated,  heart  portions  of  the  timber  to 
decay.  This  is  contrary  to  the  writer's  observations.  Only  recently, 
in  making  some  railroad  examinations,  he  has  found  that,  in  the 
majority  of  instances,  where  creosoted  piles  had  decayed,  the  trouble 
was  clearly  caused  by  checks  which  had  occurred  after  the  structures 
had  been  built.  If  the  sterilizing  process  will  quite  fully  develop  the 
checks,  without  working  damage  to  the  timber,  so  that  when  the 
creosote  is  turned  on  it  will  reach  all  portions  of  the  material  which 
the  air  would  ever  be  likely  to  reach,  we  may  have  in  Mr.  Kummer's 
suggestion  a  distinct  advance.  The  writer  would  like  to  see  the  sug- 
gestion tried  on  a  scale  large  enough  to  prove  its  value. 
Mr.  Osgood.  Joseph  O.  Osgood,  M.  Am.  Soc.  C.  E.  (by  letter). — This  subject  is 
an  important  one  to  all  engineers^ who  are  called  upon  to  protect 
timber  from  the  teredo  or  from  decay,  and  has  been  treated  by  Mr. 
Kummer  in  a  clear  and  interesting  manner. 

If  ties  could  be  used  without  driving  spikes  or  boring  holes  in 
them,  the  method  of  treatment  suggested  would  probably  prove  more 
effectual  than  under  present  conditions  of  service. 

If  the  penetration  of  the  antiseptic  material  is  only  about  1  in.  from 
the  sides  of  the  tie  and  6  to  8  ins.  at  the  ends,  only  half  the  tie  is 
treated  at  the  section  where  the  spike  holes  occur,  and  decay  at  those 
points  is  not  long  delayed. 

It  is  noticeable  that  a  good  quality  of  long  leaf  yellow  pine  has 
been  selected  for  the  experiments.  The  heart  of  this  timber  is  full  of 
resin  and  is  fairly  durable  without  treatment.  It  is  said,  however,  by 
those  who  make  a  business  of  treating  timber,  to  be  much  less  suitable 
for  the  purpose  than  the  woods  of  more  porous  structure,  and  which, 
untreated,  decay  much  sooner,  but  which  will  take  up  a  much  larger 
amount  of  the  creosote  or  other  treating  material. 

It  woiald  seem  to  be  entirely  reasonable  that  the  injection  of  resin 
with  the  creosote  should  make  the  surface  harder,  and  might  serve  to 
keep  the  creosote  from  washing  out,  but  it  would  tend  to  lessen  the  effect- 
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iveuess  of  the  creosote  as  an  antiseptic,  and  it  does  not  seem  jjrobable  Mr.  Osgood. 
that  it  would  be  at  all  effective  against  the  teredo,  Avhich  eats  the  resin- 
ous heart  of  long  leaf  timber  with  great  avidity  and  requires  a  very 
strong  dose  of  creosote  oil  to  affect  its  appetite. 

It  has  been  stated  that  all  decay  in  timber  begins  at  the  outside 
of  the  stick.  This  statement  would  seem  to  be  subject  to  some  modi- 
fication, as  it  is  not  uncommon  to  find  oak  sticks  hard  on  the  exterior 
surface  and  rotten  inside;  and  even  long  leaf  yellow  pine  is  frequently 
destroyed  by  what  is  known  as  "red  heart,"  a  fungous  disease,  in 
which  the  heart  of  the  stick  is  most  affected. 

As  to  forcing  creosote  into  long  leaf  pine  for  jjrotection  against  the 
teredo :  this  is  now  done  effectively  by  the  Galveston  "Wharf  Company 
at  Galveston,  only  creosoted  piles  being  used  in  the  main  wharves  of 
that  company,  and  these,  the  writer  is  informed,  give  satisfaction.  It 
is  said  that  these  are  impregnated  with  the  heavier  oils  of  coal  tar  to 
the  extent  of  from  20  to  upwards  of  25  lbs.  per  cubic  foot,  and  the 
writer  is  informed  by  the  Manager  of  the  Creosoting  Company  which 
treated  the  piles  for  the  present  pile  bridge  of  the  Gulf,  Colorado  & 
Santa  Fe  R.  R.,  across  Galveston  Bay,  built  a  number  of  years  ago, 
that  27  lbs.  of  heavy  dead  oil  per  cubic  foot  was  used  in  them,  or  in 
as  many  of  them  as  would  take  that  amount. 

Long  leaf  yellow  pine,  when  thoroughly  creosoted,  generally  shows 
little  of  the  heart  wood  which  is  not  distinctly  colored  by  the  oil, 
although,  in  the  piles  coming  under  the  writer's  observation,  there  has 
always  been  some  untreated  heart.  The  timber  appears  to  be  much 
weakened  by  the  process,  and  thoroughly  creosoted  piles  will  some- 
times break  in  handling,  under  circiimstances  which  would  not  injure 
an  untreated  stick  of  the  same  timber.  The  timber  seems  to  be  very 
brittle.  The  great  objection  to  creosoted  timber  at  i:)resent  is  the 
expense.  Inquiry,  three  years  ago,  when  several  thousand  piles  were 
required  in  a  bulkhead  to  retain  a  filled  wharf  at  Sabine,  Tex. ,  showed 
that  the  piles,  which  then  cost  about  6  cents  per  lineal  foot  delivered, 
woiild  have  cost  over  40  cents  per  foot,  if  creosoted. 

In  treating  piles  great  expense  is  caused  by  having  to  treat  the 
whole  length.  Treatment  is  undesirable  for  the  portion  in  the  ground, 
where  the  teredo  does  not  work,  and  is  usually  unnecessary  above  the 
water,  so  that  it  frequently  happens  that  more  than  half  the  length  of 
the  pile  is  treated  withoiit  any  special  benefit.  Various  ways  of  over- 
coming this  difficulty,  and  of  using  creosote  without  distributing  it 
where  not  needed,  have  been  suggested,  and  some  of  them  tried. 
Experiments  are  now  being  made  with  jjiles  which  have  a  Ih  or  2-in. 
hole  bored  through  the  center  of  each  stick  from  the  top  to  a  little 
below  the  surface  of  the  water,  these  holes  being  filled  with  creosote 
oil  from  time  to  time.  The  oil  gradually  distributes  itself  outward  and 
downward,  and,  if  this  goes  on  rapidly  and  thoroughly  enough,  will. 
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Mr.  Osgood,  it  is  argued,  reach  the  exposed  surfaces  of  the  piles  and  jsrevent  the 
ravages  of  the  teredo. 

An  attempt  has  also  been  made  to  stop  the  progress  of  the  teredo, 
in  piles  already  slightly  affected,  by  boring  a  slanting  hole  at  about 
mean  low  water  and  reaching  down  as  far  as  jiossible  without  going 
through  the  stick.  These  holes,  of  1  or  1',  ins.  diameter,  are  filled 
with  creosote  oil  at  intervals  as  the  tide  permits  and  as  the  oil  soaks 
away.  The  holes  are  kept  plugged  at  the  top  to  prevent  waste.  It  is 
too  early  to  determine  whether  either  of  these  experiments  will  prove 
effective  or  of  any  value. 

A  writer  in  one  of  the  engineering  periodicals  not  long  since  called 
attention  to  a  method  of  forcing  liquids  into  timber  through  a  cap  on 
one  end  of  the  stick,  which  permitted  a  pressure  to  be  applied  to  force 
the  liquid  lengthwise  through  the  jDores  of  the  wood.  This  would 
seem  to  offer  advantages  in  treating  piles,  as  the  process  could  be 
stopjjed  when  any  portion  of  the  length  had  been  saturated,  and  prob- 
ably a  hole  bored  in  the  middle  of  the  stick,  nearly  as  far  down  as  it 
was  desired  to  distribute  the  oil,  would  be  of  service  in  this  connection. 
Mr.  Whinery.  Samuel  Whinery,  M.  Am.  Soc.  C.  E.  (by  letter). — In  discussing  any 
method  for  the  preservation  of  timber,  the  conditions  under  which  the 
wood  is  to  be  used  must  be  considered,  and  the  character  and  extent 
of  the  preservative  process  should  be  suited  to  resist  the  causes  of  dis- 
integration to  which  the  wood  will  be  subjected. 

When  exposed  to  brackish  water,  wood  must  be  protected  against 
the  ravages,  both  of  ordinary  decay  and  of  the  teredo.  When  used  for 
railroad  ties,  and  generally  for  structures  on  land,  it  is  necessary  to 
make  provision  against  ordinary  decay  only.  For  the  latter  purpose 
it  would  seem  that  any  process  which,  like  that  under  consideration, 
first  thoroughly  sterilizes  the  timber  throiighoiit  its  whole  mass,  and 
then  fills  the  cells  to  a  greater  or  less  dej^th  from  the  surface  with  a 
permanent  material  which  will  exclude  air  and  moisture,  would  prove 
eflScient.  It  is  not  even  necessary  that  the  sealing  material  should 
penetrate  the  wood  at  all  if  the  surface  can  be  made  imijervious  to  air 
and  moisture  and  maintained  in  that  condition.  If  these  assumptions 
are  well  founded,  wood-preserving  processes  may  cover  a  wide  latitude, 
and  there  should  yet  be  plenty  of  room  for  invention.  The  modified 
process  of  creosoting  wood  described  by  Mr.  Kummer  is  rational,  and 
should  be  eflficient,  particularly  in  preserving  railroad  ties. 

Those  who  have  had  occasion  to  work  in  the  yellow  pine  forests  of 
the  Southern  States  know  that  the  endurance  of  the  "  pine  knots  "  is 
proverbial.  When  the  public  lands  of  those  States  were  originally 
surveyed  by  the  Government,  these  pine  knots  were  frequently  used 
for  corner  stakes  or  monuments,  and  they  have  often  been  found  in 
place  in  a  perfect  state  of  preservation  after  being  in  the  ground  for 
more  than  thirty  years.     The  principal  peculiarity  of  these  knots  is 
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that  tliey  are  often   perfectly  saturated   with   pine   resin,    and  their  Mr.  Whiner.v. 
practical  indestructibility  is,  without  doubt,  due  to  that  fact.     The 
process  under   discussion   seems   to   be   an    approach    to   this  wood- 
preserving  process  of  Nature. 

Horace  J.  Howe,  M.  Am.  Soc.  C.  E.  (by  letter). — Referring  to  the  Mr.  How& 
tie  question  aud  the  apparently  prohibitory  cost  of  treating  the  whole 
tie,  it  should  be  borne  in  mind  that  the  life  of  the  tie  is  the  life  of  the 
portions  adjoining  the  rails,  and  that  in  first-class,  well  drained  bal- 
last it  is  the  top  half  of  the  stick  at  those  points  which  suffers  most, 
and  necessitates  renewal.  Cannot  a  method  of  treating  them  be 
devised  under  these  conditions? 

In  looking  over  piles  of  old  ties  taken  from  the  track,  one  is  struck 
with  the  fair  condition,  in  most  cases,  of  the  middle  portion  of  the  tie, 
say  for  4  ft.  in  length.  The  ends  are  split,  owing  to  various  causes, 
one  of  which  is  that  trackmen,  in  originally  placing  the  new  tie,  are 
allowed  to  use  picks  freely.  Thus  the  ends  are  split  oft",  and,  natur- 
ally, cracks  develop  and  rot  sets  in  near  the  rails. 

The  heart  of  the  tie  being  on  the  under  side  requires  less  attention 
than  the  top.  Let  the  tie  be  dapped  under  each  rail  for  12  ins.  in 
length,  and  let  four  spike  holes  at  each  end  be  bored  by  template  for 
the  pattern  of  rail  to  be  used.  It  is  stated  by  W.  W.  Curtis,*  M.  Am. 
Soc.  C.  E.,  that  this  can  be  done,  in  connection  with  the  treatment,  at 
a  cost  of  about  3  cents  per  tie.  Could  not  each  tie  be  treated  at  these 
two  places  for  a  total  length  of  2  ft.,  with  or  without  an  isolating 
chamber? 

The  holes  would  distribute  the  preservative  to  the  points  where  it 
was  most  needed,  and  the  waterproof  quality  of  Mr.  Rummer's  mix- 
ture, for  instance,  would  take  efi"ect  on  top. 

It  looks  as  if  the  expense  might  be  reduced  considerably,  say  one- 
third,  in  comjjarison  with  the  cori-esponding  treatment  of  the  whole 
tie. 

It  might  be  said  that  the  tie  would  be  unfavorably  afifected  by  dif- 
ference in  homogeneity,  but  this  would  have  to  be  determined  exactly 
by  experiment. 

WhjLiam  Moncure,  M.  Am.  Soc.   C.  E.   (by  letter). — The  preserva-  Mr. Moncui-a 
tion  of  timber  is  a  subject  which  has  been  discussed  extensively,  but, 
as  yet,  there  seems  to  be  no  method  by  which  the  cost  is  brought 
within  practical  limits.     The  cost  of  the  method  jDroposed  by    Mr. 
Kummer  is  not  given. 

In  1886,  in  the  construction  of  one  of  the  southern  railroads,  all 
the  signal  and  mile-posts  were  made  of  long  leaf  North  Carolina  pine, 
the  entire  log  being  used,  without  any  regard  to  the  quantity  of  sap 
or  heart.     These  posts  were  4  by  6  ins.,  and  the  part  above  ground 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  xlii,  page  373. 
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Mr.  Moncure-  was  painted  with  three  coats  of  white  lead  in  linseed  oil.  The  lower 
part,  up  to  a  jjoint  just  above  the  surface  of  the  ground,  was  placed 
for  15  or  20  minutes  in  an  open  kettle  containing  50  %  of  pine  tar  and 
50j?o  of  resin,  the  mixture  being  kept  above  the  boiling  point.  These 
posts  are  standing  now,  and  when  examined  two  years  ago  showed  no 
signs  of  decay.  The  cost  of  this  process  did  not  exceed  15  cents  for 
each  post.  It  is  possible  that  the  wood  was  thoroughly  dried  by  the 
heat,  and  that  the  tar  and  resin  filled  the  outer  pores,  leaving  also  a 
coat  outside  which  prevented  the  enti'ance  of  moisture. 

The  oak  tie,  without  doubt,  is  best  suited  for  roads  where  there  is 
heavy  traffic  and  much  curvature,  and  seems  to  be  the  most  difficult 
to  preserve  by  the  creosoting  or  any  similar  i:)rocess.  Investigations 
seem  to  have  been  directed  almost  entirely  to  creosoting  or  similar 
processes,  and,  so  far,  seemingly  without  practical  results.  It  is  pos- 
sible that  if  investigations  were  made  in  the  direction  of  drying  the 
timber  and  coating  the  outside  with  a  substance  which  would  prevent 
the  entrance  of  moisture,  some  method  might  be  found  which  would 
bring  the  cost  within  a  practical  limit.  There  is  a  cyi^ress  in  some  of 
the  Southern  States  which  has  been  used  for  ties  and  has  lasted  for  25 
years,  but  cypress  is  objectionable  because  the  wood  is  soft;  the  rail 
cuts  the  tie,  and  the  spikes  do  not  stay  in  place,  thus  causing  the  track 
to  get  out  of  gauge.  These  objections  can  be  overcome  by  the  proper 
use  of  tie-plates,  and  a  cypress  tie  with  tie-plates  ought  to  especially 
recommend  itself  to  roads  on  which  the  curvature,  gradients  and 
traffic  are  light. 

The  question  of  obtaining  ties  is  at  present  of  great  importance  to 
the  maintenance- of-way  departments  of  railroads,  and  these  notes 
are  presented  with  the  hope  that  this  subject  will  be  continually  kept 
in  view  and  result  in  developing  some  practical  method  which  will  be 
within  the  means  of  any  railroad. 
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Subjects  fok  Discussion: 

(1)  "  What  Considerations  Should  Limit  the  Height  of  Buildings?" 

(2)  "Do  Recent  Develoi^ments  in  Construction,  Sanitation,  Inter- 

communication and   Economy  of  Administration,  warrant 
the  Removal  of  all  Restrictions?" 


Bt  Messrs.  Corydon  T.  Puedy  and  Reginald  Pelham  Bolton. 


CoKTDON  T.  PuRDY,  M.  Am.  Soc.  C.  E.  (by  letter).— High  buildings  Mr.  Purdy. 
are  the  outgrowth  of  commercial  considerations.     They  facilitate  busi- 
ness,  they  increase  ground  rentals,   and  they  ofifer  opportunity  for 
profitable  investment. 

As  the  American  mind  is  not  hamisered  by  precedent  or  biased  by 
ancient  customs,  these  considerations  have  easily  outweighed  popular 
prejudice,  and  even  small  American  cities  aspire  to  high  buildings.  In 
Europe,  there  is  more  conservatism,  but  all  the  world  is  now  striving 
for  cammercial  advantage,  and  the  pressure  to  make  buildings  larger 
and  higher  will  probably  increase  there  as  it  has  in  America. 

*  The  discussion  of  this  subject,  for  which  no  formal  paper  was  presented,  is  printed 
in  Proceedings  in  order  that  the  views  expressed  may  be  brought  before  all  members 
of  the  Society  for  further  discussion.  (See  rules  for  publication.  Proceedings,  Vol. 
XXV,  p.  71.) 

A  number  of  discussions  on  this  subject,  presented  at  the  Convention,  were  not  re- 
ceived in  time  to  permit  or  preparing  them  for  this  number  of  Proceedings.  They  will 
appear  in  a  subsequent  number. 

Communications  on  this  subject  received  prior  to  September  23d,  1900,  will  be  printed 
in  a  later  number  of  Proceedings,  and  subsequently  the  whole  discussion  will  be 
published  in  Transactions. 
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Mr.  Purdy.  The  problem  as  to  whether  or  not  the  removal  of  restrictions  as  to 
height  is  warranted  must  be  faced.  The  question  is  pertinent,  there- 
fore, in  both  Europe  and  America. 

It  is  the  writer's  purpose  merely  to  outline  for  discussion  this 
topic:  "  The  Limitation  of  the  Height  of  Buildings,"  and  to  mention 
some  of  the  points  of  interest  exhibited  by  the  photographs.  Plate 
XXX,  Fig.  1,  is  a  view  of  New  York  City,  from  the  North  River,  well 
south  toward  the  Battery.  In  less  than  a  generation,  high  buildings 
have  changed  the  sky  line  of  this  part  of  the  city  completely.  A  few 
years  ago  the  regulation  five-story  biiilding  line  was  unbroken  except 
by  the  towers  of  churches.     At  present.  Trinity  spire,  for  many  years 


Fig.  1. 


the  highest  structure  in  America,  is  looked  down  upon  from  the  office 
windows  of  Wall  Street  and  Broadway. 

Many  of  the  constructive  problems  in  steel  buildings  are  com- 
plicated in  character,  and  they  are  not  only  so  because  of  the  variety 
of  loads  and  strains  which  are  sometimes  involved,  but  because  all 
lines  of  construction  have  to  be  worked  out  with  reference  to  the  uses 
of  the  biiilding,  the  arrangement  of  its  interior  walls,  and  their 
openings. 

The  arrangement  of  the  trusses  over  the  gi'eat  ballroom  in  the 
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Fig.  1.— Sky  Line  of  Lower  New  \ork  City. 


Fig.  2.— The  Waldorf-Astoria   Hhii.l,  Ni:\v  NUrivCity. 
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Waldorf-Astoria  Hotel  in  New  York  City,  is  a  marked  illustration.  Mr.  Purdy 
The  lines  of  these  trusses  are  shown  in  Fig.  1.  The  ballroom  is  100  ft. 
long  and  85  ft.  wide  and  is  without  columns.  It  is  three  stories  high. 
There  are  two  great  trusses  sandwiched  into  the  intei'ior  walls  of  the 
four  stories  directly  over  the  ballroom,  and  their  construction  is  worked 
out  in  such  a  way  that  their  presence  would  never  be  suspected  by 
people  occupying  the  rooms  immediately  adjoining  them.  They 
carry  12  stories  of  bedrooms,  weighing,  with  a  reasonable  allowance 
for  live  load,  some  20  000  000  lbs.  Some  members  of  the  trusses  are 
heavier  than  can  be  found  in  any  other  structure  in  America.  The 
lower  chords  are  made  up  of  nests  of  12-in.  I-bars  carried  on  12-in. 
pins.  There  is  also  one  girder  in  this  building  35  ft.  long,  which 
weighs  85  tons,  and  one  column  which  carries  5  400  000  lbs. 

The  completed  Waldorf-Astoria  Hotel,  Plate  XXX,  Fig.  2,  is  the 
largest  and  finest  structure  of  its  kind  in  America,  and  possibly  in  the 
world.     It  cost  about  85  000  000. 

The  Old  Colony  Building,  Plate  XXXI,  Fig.  1,  is  one  of  the  notable 
structures  in  Chicago.  While  it  is  narrow  and  high,  it  is  also  one  of 
the  stiffest  high  buildings  constructed  in  that  city.  The  scheme  for 
the  stiffening  or  bracing  consists  of  four  vertical  lines  located  equi- 
distant from  the  axis  of  the  building.  The  portals,  shown  in  Fig.  2,  are 
placed  one  on  top  of  another  in  such  a  way  that  the  shear  is  conveyed 
directly  from  one  to  the  other,  and  the  columns  are  practically  in- 
corporated with  the  portals  as  a  part  of  them.  Their  chief  advantage 
is  in  the  opening  they  afford  between  rooms.  For  all  practical  pur- 
poses they  do  not  divide  the  space  at  all,  and  yet  the  desired  bracing 
is  obtained. 

The  exterior  walls  of  this  building  were  in  jirocess  of  construction 
at  different  heights  at  the  same  time  (Plate  XXXI,  Fig.  2).  This  can- 
not be  done  in  buildings  of  massive  construction.  The  new  biiilding 
for  the  North  American  Trust  Company,  Plate  XXXII,  Fig.  2,  recently 
completed  on  the  corner  of  Cedar  Street  and  Broadway,  New  York 
City,  was  built  in  the  same  way.  Plate  XXXII,  Fig.  1,  shows  the  com- 
pleted building  and  also  affords  an  excellent  illustration  of  the  splendid 
light  areas  which  can  be  put  in  buildings  of  this  kind. 

Some  buildings  are  built  too  high  for  their  width.  That  at  the 
corner  of  Wall  and  Nassau  Streets,  in  New  York  City,  Plate  XXXIII, 
Fig.  1,  might  be  mentioned  as  one  of  this  class. 

The  highest  building  in  America  is  that  known  as  the  Syndicate 
Building  on  Park  Row,  in  New  York  City.  It  is  shown  on  Plate 
XXXIII,  Fig.  2. 

The  Broadway  Chambers,  Plate  XXXIII,  Fig.  3,  is  another  of  the 
new  high  buildings  in  New  York  City.  This  building  is  exhibited  by 
models  at  the  Paris  Exijosition,  where  every  feature  of  its  construction 
is  illustrated. 
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Mr.  Purdy.         Where  buildings  are  now  limited,  tlie  limitation  is  due  to  one  or 
more  of  four  things :  • 

(1)  Legal  enactment; 

(2)  Economic  considerations; 

(3)  Conditions  of  construction,  concerning  which  law  may  not 
specify;  and 

(4)  Popular  prejudice. 

In  New  York  City  the  only  legal  limitation  to  the  height  of  fire- 
proof buildings  is  a  provision  that  the  overturning  moment  due  to 
wind  pressure  shall  not  exceed  75%*  of  the  moment  of  stability,  with 
the  wind  pressure  taken  at  30  lbs.  per  square  foot,  over  every  square 
foot  of  surface  exposed.  In  Chicago  the  legal  restriction  has  recently 
been  fixed  at  135  ft. 

There  are  many  things  to  consider  in  either  fixing  or  removing 
restrictions  to  the  height  of  buildings  by  law.  First  of  all  there  is 
popular  prejudice.     Then  there  are: 

The  disttirbing  effect  on  land  values; 

The  exclusion  of  sunlight  from  the  streets; 

The  congestion  of  traffic; 

The  increased  difficulty  of  fire  protection; 

The  overburdening  of  established  water  supplies; 

The  inadequacy  of  drainage  and  sewers  already  constructed; 

The  disturbing  effects  on  the  business  of  building  trades,  architects, 
engineers  and  contractors;  and  last,  but  not  least, 

Esthetic  considerations. 

Some  of  these  considerations  are  more  imj^ortant  than  others,  but 
all  bear  uj)on  the  problem.  The  writer  believes  that  the  height  of 
buildings  should  have  a  reasonable  limitation,  but  it  seems  to  him 
that  most  of  the  real  objections  to  the  so-called  "sky  scrapers  "  do 
not  hold  with  much  force  against  buildings  of  foiirteen  or  fifteen 
stories,  or  less. 

High  buildings  have  become  possible  through  the  use  of  new 
materials,  the  new  use  of  old  materials,  notably  the  use  of  steel,  and 
the  development  of  the  elevator. 

It  is  also  Avorth  noting  that  the  new  buildings  are  better  and  simpler 
than  the^old  ones. 

They  have  more  light. 

The  interior  arrangement  may  be  made  in  any  way  which  may  be 
desired  and  that  arrangement  can  be  changed  at  any  time  if  desired; 
while 

The  strength  of  the  building  is  in  the  steel  frame,  and  that  strength 
is  susceptible  of  accurate  comijutation,  which  brings  with  it  a  simplifi- 
cation of  all  problems  of  construction. 

In  conclusion,  the  writer  desires  to  call  the  attention  of  our 
members  to  the_,fact  that  though  in  America  we  have  wonderfully 
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Mr.  Purdy.  developed  the  steel-constructed  building,  we  owe  a  great  debt  to 
Europe  for  many  of  the  ideas  which  have  been  used  therein.  It  would 
be  generally  correct  to  say  that  European  engineers  have  invented  and 
Americans  have  developed. 

One  instance  of  this  is  sufficient  to  illustrate.  As  long  ago  as  1854, 
an  asylum  was  constructed  at  York,  England,  by  the  Society  of 
Friends,  in  which  the  floors  were  made  of  flat  hollow  terra  cotta 
arches,  of  almost  exactly  the  same  pattern  as  we  are  now  putting  into 
our  office  buildings.  They  were  designed  by  Mr.  Pritchett,  an 
Englishman.  It  has  been  repeatedly  claimed  by  American  writers 
that  this  arch  was  of  American  origin,  but  the  first  arch  of  this  char- 
acter was  not  constructed  in  America  until  1873.  Mr.  Pritchett  carried 
his  arches  over  spans  of  4  ft.  6  ins.,  which  also  accords  with  present 
practice.  They  were  carried  on  cast-iron  beams.  The  rolled  beam  had 
only  been  invented  a  year  or  two  before 

Mr.  Bolton.  REGINALD  Pelham  Bolton,  M.  Am.  Soc.  C.  E.  (by  letter). — The 
writer's  professional  connection  with  the  equipment  of  large  office 
buildings  and  hotels  in  New  York  City  leads  him  to  the  conclusion 
that  the  limitation  of  the  height  of  buildings  should  be  left  to  practical 
and  economic  action,  and  that  legislation  or  municipal  interference 
cannot  produce  desirable  results. 

The  law  of  England,  protective  of  the  right  of  so-called  "  ancient 
light,"  has  operated  to  prevent  the  development  of  buildings  and 
their  consequent  improvement.  Progressive  increase  in  the  value 
of  land  in  business  centers  will  ojjerate  to  the  disadvantage  of  ten- 
ants unless  relief  be  given  in  the  only  possible  direction,  viz. ,  upward. 

Concentration  of  trades  and  of  business  in  certain  centers  is  desir- 
able and  economical,  and  the  advantage  of  the  community  at  large 
is  advanced  thereby.  Therefore  an  inconvenience  Avhich  may  tempo- 
rarily operate  to  the  disadvantage  of  individuals  should  be  endured  if 
the  general  welfare  is  advanced. 

The  writer  believes  that  these  general  propositions  will  meet 
endorsement,  but,  in  this  particular  class  of  public  improvements, 
it  is  clear  that  the  apparent  inconveniences  are  more  imaginary 
than  real. 

It  is  true  that  in  a  country  where  the  jJi-oportion  of  bright  day- 
light is  limited,  the  value  of  window  light  is  not  to  be  lightly  esti- 
mated, but  modern  methods  of  artificial  light  have  so  advanced  as  to 
greatly  discount  the  positive  necessity  of  window  light. 

Further,  in  the  construction  of  a  higher  class  of  buildings,  in  a 
city  such  as  London,  the  primary  steps  are  sure  to  be  soon  followed 
by  a  general  increase.  The  "  city  "  has  been,  within  the  writer's 
memory,  practically  reconstrvicted  from  a  three  and  foiir-story  basis, 
to  a  height  of  five  to  seven  stories  without  general  inconvenience,  and 
the  advantages  of  a  single  lofty  structure  would  be  so  soon  grasjied 
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that  it  would  not    be  long  before  a  general  reconstruction  of  greater  Mr.  Bolton, 
lieigbt  took  place. 

The  construction  of  a  tall  building  on  a  neighboring  lot,  while 
temporarily  interfering  with  the  immediate  supply  of  light  and,  pos- 
sibly, to  some  extent,  of  air;  enhances  the  value  of  the  neighboring 
properties,  since  on  its  success  they  become  equally  capable  of 
increased  development. 

In  the  case  of  large  office  and  hotel  buildings  the  interior 
economy  is  such  that  artificial  light  and  air  supply  can  be  and  are 
generated  at  extremely  low  cost,  less  than  is  possible  by  public  com- 
panies. Therefore  a  supply  of  both  could  be  afforded  to  neighbors, 
in  this  way  making  up  to  them  their  temporary  deprivations. 

There  cannot  be  any  question  that  the  general  sanitation  of  a 
district  is  improved  to  an  imjDortant  extent  by  the  constriaction  of 
tall  buildings,  inferring,  as  this  does,  the  effect  of  deep  underground 
excavation  and  sub-soil  drainage. 

The  writer  can  refer  to  instances  in  New  York  illustrative  of  this. 
When  the  Bowling  Green  Offices  were  constructed,  the  excavation 
extended  30  ft.  below  grade,  and  the  sub-soil  drainage  was  found 
to  be  extensive.  Examination  proved  that  a  large  part  of  it  came 
from  defective  sewerage  of  the  neighboring  old  buildings,  the  house 
sewer  of  one  of  which,  a  ijublic  restaurant,  was  found  to  be  broken 
and  choked. 

This  menace  to  health  is,  of  course,  now  entirely  removed  by  the 
sub-basement  drainage  system  of  the  offices.  Such  cases  could  be 
multiplied  indefinitely,  and  include  wet  walls  and  cellars  dried,  and 
insecure  buildings  supported  and  improved  by  neighboring  structures 
of  greater  height  and  depth. 

The  relative  increase  in  value  of  a  jjiece  of  land,  by  reason  of  the 
construction  of  a  lofty  neighbor,  may  be  gathered  from  what  has 
proved  to  be  the  case  in  New  York  City. 

Land,  which  with  four-story  buildings  has  barely  paid  expenses  and 
taxation,  has,  with  a  lofty  building,  been  able  to  earn  all  expenses; 
pay  interest  at  the  rate  of  4%"  upon  mortgages,  the  extent  of  which 
greatly  exceeds  the  value  of  the  original  buildings;  also  pay  a  largely 
increased  taxation,  sometimes  as  much  as  five  times  the  old  rating; 
and,  finally,  leave  a  substantial  profit  on  the  net  capital  invested.  The 
taxation  borne  by  a  certain  iiroi)erty  is  relieved  by  the  additional  taxa- 
tion placed  upon  an  enlarged  neighbor. 

The  writer  believes  that  recent  developments  in  construction,  sani- 
tation, intercommunication  and  economy  of  administration,  warrant 
the  removal  of  all  restrictions,  and  further,  he  presents  the  propo- 
sition that  natural  causes  will  act  as  a  restriction  against  excessive 
heights  unless  accompanied  by  proportionate  areas.  One  of  these  is 
due  to  the  limitations  imposed  by  elevator  service. 
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Mr.  Bolton.  The  tall  Iniiklings  whicli,  in  New  York,  have  been  the  subject  of  most 
criticism,  are  chiefly  those  which,  on  a  very  confined  area,  rise  to  an 
extreme  height.  Their  appearance,  especially  on  the  dead  sides,  is 
unsightly,  and  the  architectural  effects  are  almost  ludicrous.  The 
most  flagrant  example  is  the  St.  Paul  Building,  which  has,  perhaps, 
caused  more  criticism  of  the  lofty  building  than  any  other. 

It  is  in  such  Iniildings  that  the  tenants  of  upper  floors  find  their 
means  of  access  of  less  convenience  than  elsewhere.  For  instance,  in 
the  building  referred  to,  six  elevators  are  installed,  two  serving  the 
lower  eight  floors,  two  the  intermediate,  and  two  the  upper  eight 
floors.  Each  part  of  the  building,  therefore,  is  practically  a  portion 
of  an  eight-story  structure,  having  only  two  elevators,  a  number  cer- 
tainly inadequate  in  comparison  with  others  of  equal  height  elsewhere. 
Moreover,  the  upi^er  set  of  floors  must  be  reached  by  a  ride  of  200  ft. , 
equivalent  to  its  location  at  that  distance  away  from  the  main  street. 

The  failure  of  architects  to  grasjD  the  statistics  of  vertical  traffic  is 
not  to  be  wondered  at,  the  extraordinary  feature  being  their  attempt 
to  deal  with  such  a  subject.  They  have  not,  as  a  class,  learned  that 
the  necessary  proportion  of  elevator  mileage  demands  for  a  certain 
height  a  certain  area,  in  which  combination  the  proportions  of  a  very 
high  building  becomes  less  offensive. 

Further,  the  cost  of  maintenance  of  the  upper  floors  in  extremely 
high  buildings  is  often  disjjroportionate  to  their  returns.  These  floors 
demand  an  excessive  amount  of  heat  for  the  winter  season  and  increase 
the  cost  of  house-water  pumping.  In  addition,  they  must  be  debited 
with  the  larger  proportion  of  the  cost  of  the  elevator  service,  and  all 
these  things  being  considered,  they  should  produce  a  rental  j^ropor- 
tionately  higher  than  floors  below  them.  Such  a  proportionate 
increase  is  seldom  applied,  although  some  upijer  rooms  are  leased  at 
high  prices  on  account  of  the  views  they  command,  and  their  freedom 
from  street  noises.  These  features,  and  the  elevation  above  the  heated 
streets  in  summer,  are  found  to  be  so  well  worth  paying  for,  as  to  be 
the  cause  of  the  willingness  of  tenants  to  reside  at  an  increased  dis- 
tance from  the  street. 

The  general  conveniences  of  modern  office  and  hotel  buildings  are 
so  great  as  to  justify  much  greater  inconveniences  than  they  cause. 

The  sanitary  improvement  over  old  and  low  buildings  is  great,  and 
security  from  fire  and  increase  of  air  space  per  tenant  are  worth 
general  consideration. 

It  is  due  to  the  increase  of  size  by  means  of  height  that  mechanical 
improvements  can  be  introduced  which  would  otherwise  be  impossible 
except  by  the  combination  of  a  number  of  owners  of  contiguous 
properties. 

In  a  recent  article*  the  writer  has  given  some  of  the  figures  of  cost 

*  Engineering  Magazine,  June,  1900. 
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of  internal  services,  and  has  shown  that  the  mechanical,  equipment  Mr.  Bolton, 
reaches  the  i^rojiortions  of  a  small  central  station,  and  can  produce 
power  in  several  forms  under  the  most  economical  conditions.  The 
fact  that  all  the  Avaste  steam  can  be  utilized  for  the  necessary  heating 
of  the  building  in  winter,  and  for  other  useful  purposes  such  as  heat- 
ing water  and  cooking  in  summer,  places  these  equipments  in  a  posi- 
tion superior  to  the  central  station  of  public  supplies. 

It  is  capable  of  proof  that  supplies  of  power  in  several  forms  can 
be  sold  by  such  large  buildings  to  neighbors  at  figures  very  much  less 
than  the  present  cost  of  public  supplies.  Such  advantages  may 
thereby  be  presented  to  a  contiguous  property  as  will  of  themselves 
overcome  the  objection  of  interference  with  light  or  air,  and  the  writer 
sees  no  reason  why  a  tall  building  should  not,  by  such  arrangements, 
be  a  source  of  improvement  to  its  older  neighbors,  and  thus  directly, 
as  well  as  indirectly,  add  to  their  value. 
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Subjects  fok  Discussion. 

The  Progressive  Increase  in  Weight;  the  Increase  in  Hardness,  par- 
ticularly in  Carbon;  the  Sections  in  most  General  Use;  the  effect 
of  changes  in  Weight,  Composition  and  Section." 


By  Messrs.  Egbert  W.  Hunt  and  A.  L.  Colby. 


Mr.  Hunt.  RoBEKT  W.  HuNT,  M.  Am.  Soc.  C.  E.  — As  America  came  to  Great 
Britain  for  the  rails  used  on  her  first  railroads,  it  is  perhaps  fitting  that 
this  paper  should  be  presented  to  the  Society  in  London,  and  at  its 
first  English  meeting. 

The  facts  relating  to  tbe  introduction  of  rails  into  the  United  States, 
and,  later,  their  manufacture  in  that  country,  are  historically  recorded, 
and  will  only  be  briefly  referred  to  herein.  In  obtaining  the  data,  free 
use  has  been  made  of  James  M.  Swank's  valuable  Avork,  "Iron  in  All 
Ages." 

The  first  charter  for  a  railroad  in  the  United  States  was  granted  by 
the  Legislature  of  New  Jersey  in  1815,  but  the  road  was  never  built. 
In  April,  1823,  the  New  York  Legislature  granted  a  charter  to  the  Dela- 
ware and  Hudson  Canal  Company  to  constinxct  a  canal  and  railroad  for 

*The  discussion  of  this  subject,  for  which  no  formal  paper  was  presented,  is  printed 
in  Proceedings  in  order  that  the  views  expressed  may  be  brought  before  all  members 
of  the  Society  for  further  discussion.  (See  rules  for  publication,  Proceedings,  Vol.  xxv, 
p.  71.) 

A  number  of  discvissions  on  this  subject,  presented  at  the  Convention,  were  not 
received  in  time  to  permit  of  preparing  them  for  this  number  of  Proceedings.  They  will 
appear  in  a  subsequent  number. 

Communications  on  this  subject  received  prior  to  September  32i1, 1900.  will  be  printed 
in  a  later  number  of  Proceedings,  and  subsequently  the  whole  discussion  will  be  published 
in  Transactions. 
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the  transportation  of  coal  from  the  anthracite  coal  fields  of  Pennsyl-  Mr.  Hunt, 
vania  to  the  Hudson  Kiver.    The  road  was  16  miles  long,  but  was  not 
completed  imtil  1829.     It  was  on  this  road  that  the  first  locomotive 
was  i-un  iu  America. 

On  Saturday,  August  8th,  1829,  the  "Stourbridge  Lion,"  built  in 
England,  and  weighing  6  tons,  made  its  first  trip;  but  its  active  life  was 
short,  as  it  was  found  to  be  too  heavy  for  the  superstructure  of  the 
road. 

The  first  American-built  engine  was  operated  on  the  Baltimore  and 
Ohio  Eailroad,  in  August,  1830.  It  was  named  "Tom  Thumb,"  and 
was  designed  and  constructed  by  Peter  Cooper,  who  was  somewhat 
restricted  as  to  materials,  as  he  had  to  use  gun  barrels  for  tubes.  The 
whole  machine  weighed  but  1  ton,  and  burned  anthracite  coal.  The 
experiment  was  successful,  and,  based  on  it,  later  machines  were  de- 
signed and  built;  the  first  one  of  practical  size  and  use  being  the 
"Best  Friend  of  Charleston,"  which  was  constructed  at  the  West  Point 
Foundry,  iu  New  York  City,  for  the  Charleston  and  Hamburg  Railroad 
of  South  Carolina.  It  went  into  active  and  successful  use  on  that  road 
in  December,  1830. 

Only  some  five  years  intervened  between  the  opening  of  the  first 
railroad  in  the  world  intended  for  general  freight  and  passenger 
service — the  Stockton  and  Darlington — September,  1825;  and  that  of 
the  first  one  in  the  United  States  for  the  same  pur^^oses — the  Balti- 
more and  Ohio.  Its  construction  was  begun  on  July  4th,  1828,  and 
"  cars  were  put  upon  it  for  the  accommodation  of  the  ofiicers  and  to 
gratify  the  curious  by  a  ride,"  in  1829;  but  it  was  not  formally  opened 
for  travel  until  May  24th,  1830.  It  was  then  13  miles  long,  extending 
from  Baltimore  to  Ellicott's  Mills,  Md. 

Thus,  in  railroad  building,  as  in  many  other  things,  the  Americans 
were  early  disposed  to  follow  closely  after  their  English  relatives;  and 
perhaps,  like  other  younger  people,  were  soon  not  satisfied  to  follow,  but 
aspired  to  lead.  Thus,  the  next  passenger  railroad  to  be  constructed 
was  the  Charleston  and  Hamburg,  already  mentioned.  This  was 
opened  for  public  use  m  December,  1830.  In  September,  18-33,  it  was 
completed  for  a  distance  of  135  miles,  and  was  "  the  longest  continuous 
line  of  railroad  in  the  world." 

The  nucleus,  from  which  later  came  the  great  New  York  Central 
and  Hudson  River  Railroad  System,  was  the  Mohawk  and  Hudson 
Railroad,  chartered  by  the  New  York  Legislature  in  1826,  but  not 
begun  until  1830,  and  opened  for  travel  in  1831.  It  extended  from 
Albany  to  Schenectady,  17  miles. 

There  were  some  earlier  railroads,  or  more  properly  tramways,  built 
in  the  United  States,  but  those  named  were  the  first  really  commercial 
roads. 

The  rails  used  on  these  roads  were  of  wood  with  flat  bar -iron  nailed 
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Mr.  Hunt,  to  tlieir  Tippei'  sui'face.     The  track  of  the  Baltimore  and  Ohio  Eailroad 
is  described  as  consisting  of — 

"  Cedar  cross-pieces,  and  of  string-pieces  of  yellow  pine  from  12  to 
24  ft.  long  and  6  ins.  square,  and  slightly  beveled  at  the  top  of  the 
upi^er  side  for  the  flange  of  the  wheels,  which  at  that  time  was  on  the 
outside.  On  these  string-pieces  iron  rails  were  placed,  and  securely 
nailed  down  with  wrought-iron  nails  4  ins.  long.  After  several  miles 
of  this  description  of  road  had  been  made,  long  granite  slabs  were 
substituted  for  the  cedar  cross-pieces  and  the  yellow  pine  stringers." 

"  The  iron  used  for  rails  was  ^  to  f  in.  thick  by  2|  to  4|  ins.  wide. 
The  heads  of  the  nails  or  spikes  holding  it  down  were  countersunk  in 
it." 

One  would  judge,  from  the  varying  thicknesses  and  widths,  that 
the  specification  and  inspection  were  not  very  rigid. 

Notwithstanding  these  strap-rails  being  "  securely  nailed  down," 
it  was  found  that  traffic  would  loosen  them,  with  the  final  result  of 
their  turning  up  as  the  wheels  passed  over  them,  and  forming  what 
were  called  "snake  heads."  These  would  occasionally  tear  through 
the  bottoms  of  the  cars,  and  cause  more  or  less  inconvenience  if  not 
danger  to  the  passengers.  So  the  American  engineers  again  turned  to 
England,  where  the  same  difficulties  had  led  to  the  invention  of  rails 
of  different  sections.  It  is  believed  that  the  first  one  was  the  fish- 
bellied  rail,  invented  by  John  Birkinshaw,  of  the  Beddington  Iron 
Works,  and  patented  in  October,  1820.  This  rail  was  held  in  cast- 
iron  chairs  by  side  keys  or  wedges.  The  Baltimore  and  Ohio  Com- 
pany soon  afterward  imported  some  of  these  rails. 

The  Stockton  and  Darlington,  and  its  follower,  the  Liverpool  and 
Manchester,  which  was  opened  in  September,  1830,  were  principally 
laid  with  rails  of  the  Birkinshaw  type.  The  Stockton  and  Darlington 
also  had  a  few  cast-iron  fish-bellied  rails. 

The  Clarence  rail  was  another  English  invention  and  was  considered 
an  improvement  on  the  Birkinshaw.  Rails  of  that  pattern  were  im- 
ported into  America  for  the  Allegheny  Portage  Railroad,  built  by  the 
State  of  Pennsylvania  over  the  Allegheny  Mountains  to  connect  the 
canals  on  either  side  of  them.     This  road  was  opened  in  1833. 

In  1834  the  Columbia  and  Philadelphia  Railroad  was  opened. 
Part  of  this  road  was  laid  with  flat  rails,  but  on  the  greater  part  the 
Clarence  rails  were  used.  On  both  roads  the  rails  rested  on  stone 
blocks.  These  roads  were  in  after  years  absorbed  by  the  Pennsylvania 
Railroad. 

Another  English  section  was  the  H-i'^il,  which  rested  in  a  chair. 
These  were  imported,  and  used  on  some  of  the  roads.  Still  later,  came 
the  U-rail,  known  in  Wales  as  the  Evans  jjatent,  and  believed  to  have 
been  first  rolled  at  the  Dowlais  Works. 

Some  of  the  flat  strap-rails  were  made  in  America,  but  all  the 
sectioned  ones  were  imjjorted.  Some  attempts  were  made  to  use 
American  cast-iron  rails,  but  with  unsatisfactory  results.  It  was  not  until 
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1844  that  the  manufacture  of  sectioned  "wrought-iron  rails  was  begun  in  Mr.  Hunt 
America.  A  rolling  mill  was  built  in  1843  by  the  Mount  Savage  Rolling 
Mill  Co.,  at  Mount  Savage,  Allegheny  County,  Md.,  expressly  to 
make  rails.  Operations  commenced  in  1844,  and  for  their  first  rail, 
which  was  of  the  U-section,  they  were  awarded  a  silver  medal  by  the 
Franklin  Institute  of  Philadelphia.  The  rail  weighed  42  lbs.  per 
yard.  About  500  tons  were  laid  in  1844  on  the  road  then  being  built 
between  Mount  Savage  and  Cumberland,  Md.  A  short  time  later  they 
rolled  some  52-lb.  rails  for  a  road  between  Fall  River  and  Boston,  and 
in  1845  and  1846  they  rolled  f-rails.  This  mill,  after  being  long 
abandoned,  was  finally  dismantled  in  1875. 

The  T-rail  was  generally  known  in  Europe  as  the  "Vignoles" 
rail,  after  Charles  V.  Vignoles,  an  English  railroad  engineer,  who 
introduced  its  use  there.  But  it  was  really  invented  by  Robert  L. 
Stevens,  of  Hoboken,  N.  J.,  President  and  Engineer  of  the  Camden 
and  Amboy  Railroad. 

In  1845,  the  Montour  rolling  mill,  at  Danville,  Pa.,  was  built 
expressly  to  roll  T-rails,  and  in  October  of  that  year  there  was  rolled 
in  that  mill  the  first  rail  of  that  section  made  in  America. 

In  1846,  T-rails  were  rolled  by  the  Boston  Iron  Works,  Boston, 
Mass  ;  by  Cooper  and  Hewitt's  mill  at  Trenton,  N.  J. ;  by  the  New 
England  Iron  Comj^any,  Providence,  R.  I. ;  by  the  Phoenix  Rolling 
Mill  Company,  Phoenixville,  Pa. ;  by  the  Great  Western  Iron  Com- 
pany, Bradys  Bend,  Pa.;  and  by  the  Lackawanna  Iron  Works, 
Scranton,  Pa. 

In  the  following  years  the  manufacture  was  taken  up  by  other 
companies;  but  owing  to  the  commercial  conditions  caused  by  the 
severity  of  foreign  competition,  early  in  1850,  only  two  out  of  the 
fifteen  rail  mills  in  the  United  States  remained  in  operation. 

These  early  rails  were  all  short;  none  over  15  ft.  long.  As  the  diffi- 
culties of  manufacture  were  overcome  and  the  science  of  track  laying 
progressed,  the  length  was  gradually  increased  until  21  ft.  was  reached, 
and  was  considered  the  limit.  It  was  not  until  about  1859  that  railway 
engineers  would  accept  those  of  greater  length. 

Tlie  first  30-ft.  rails  rolled  in  America  were  made  by  the  Cambria 
Iron  Company,  Johnstown,  Pa.,  in  1855;  but  they  could  not  find  sale 
for  them  and  they  were  finally  used  by  that  company  in  their  mill 
yards.  The  first  30-ft.  rails  to  fill  an  order  were  rolled  by  the 
Montour  Company,  in  January,  1859,  for  the  Sunbury  and  Erie 
Railroad  Company. 

The  rolling  of  iron  rails  was  attended  with  many  difficulties.  If 
the  i)ile  of  bars  was  not  heated  to  a  sufficiently  high  degree,  the  weldH 
would  not  be  perfect;  and  if  heated  too  highly,  the  iron  would  crack  in 
the  process  of  rolling  and  yield  an  imperfect  product.  If  the  metal 
was  too  soft,  although  the  rail  might  be  free  from  flaws  and  bad  welds. 
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Mr.  Hunt,  it  would  wear  out  rapidly  under  traffic.  Under  all  circumstances  it 
was  important  that  the  rolling  process  should  be  completed  as  quickly 
as  possible  so  tliat  tlie  reductions  should  be  made  while  the  iron  had 
lost  little  of  its  heat.  This,  together  with  some  local  conditions,  led 
to  the  invention  by  John  Fj-itz,  Hon.  M.  Am.  Soc.  C.  E.,  of  the  three- 
high  rail  train.  Three-high  sets  of  rolls  had  been  used  for  many  years 
in  making  merchant  bars,  but  it  required  the  application  of  the 
"Fritz  Yielding  Hanging  Guides  and  Driven  Feed  Rollers,"  to  make 
them  i^ractical  for  rail  rolling.  This  improvement  was  put  into  suc- 
cessful operation  at  the  Cambria  Mills  in  1857.  It  has  ever  since 
remained  as  the  typical  American  rail  mill.  Since  the  introduction  of 
steel  rails  there  have  been  several  two-high  reversing  mills  on  the 
English  plan,  used  in  America;  in  fact,  two  of  this  kind  are  now 
running.  But  the  three-high  is  the  American  mill,  and  has  per- 
•mitted  the  tremendous  production  which  has  been  attained  in  later 
years. 

The  early  mills  required  the  work  of  handling  the  material  as  it 
passed  through  the  rolls  to  be  done  by  manual  labor,  through  the  use 
of  tongs  and  hooks.  Probably  the  rolling  of  iron  piles  with  their 
necessarily  peculiar  handling,  would  have  indefinitely  continued  this, 
but  with  the  use  of  solid  steel  blooms,  the  troubles  lessened  and 
made  possible  the  introduction  of  automatic  machinery.  The  tong 
and  hook  system  necessitated  the  employment  of  15  to  17  men,  and  the 
])roduction  of  steel  rails  was  limited  to  not  over  250  tons  per  turn. 
Automatic  machinery  revolutionized  this,  both  as  to  number  of  men 
employed  and  the  possibilities  of  production. 

It  was  the  writer's  fortune  to  introduce  the  first  driven  rail-mill 
tables,  those  in  the  works  of  the  Albany  and  Rennselaer  Iron  and  Steel 
Comi)any,  Troy,  N.  Y.,  in  March,  1881.  These  were  in  front  of  the 
finishing  rolls,  and  worked  so  well  that  an  automatic  arrangement  was 
soon  after  placed  in  front  of  the  roughing  rolls.  This  latter  arrange- 
ment was  more  particularly  designed  by  Mr.  Max  M.  Supjjes,  then  the 
master  mechanic  of  the  works,  and  now  the  general  manager  of  the 
Lorain  Steel  Comj)any,  Lorain,  Ohio.  Naturally,  these  devices  were 
protected  by  letters  patent.  From  this  start  other  inventions  were 
made,  and  many  im^jrovements  by  other  American  engineers  have  fol- 
lowed, until  the  present  American  rail  mill,  capable  of  turning  out 
50  000  tons  of  finished  rails  per  month,  has  been  developed. 

It  was  the  writer's  fortune  to  become  connected  with  rail  making  in 
1856,  and  among  his  earliest  recollections  is  the  statement  that  the 
users  of  rails  had  in  service  certain  makes  which  had  been  and  were 
giving  results  impossible  to  be  obtained  from  any  of  more  recent 
inanufacture.  How  familiar  that  statement  must  sound  to  many  of 
you,  and  as  of  recent  date ! 

'     Then,  as  now,  the  question  demanded  an  answer,  and  many  sought 
for  the  solution. 
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The  first  iron  rails  were  made  from  straight  puddled  bars.     These  Mr.  Hunt, 
bars  were  about  1  in.  thick  and  were  placed  one  upon  another,  until  a 
pile  of  sufiicient  weight  and  height  was  formed;  the  pile  was  then 
reheated  and  rolled  into  rails.     And  it  was  to  the  formation  of  that 
pile  that  inventive  genius  was  applied. 

From  an  investigation  of  the  fracture  of  some  of  the  rails  which 
had  given  satisfaction,  it  was  discovered  that  the  pile  of  bars  from 
which  they  had  been  rolled,  had  been  entered  in  the  rolls  edgewise, 
thus  bringing  the  line  of  welds  between  the  bars  in  a  vertical  instead  of 
horizontal  position.  This  presented  a  different  structure  to  the  wheel 
wear,  and  seemed  to  be  logical.  Based  on  that  supposition  many  rails 
were  so  rolled,  and  the  writer  lielieves  that  the  scheme  was  patented. 

Where  the  rail  was  rolled  with  the  layers  of  the  pile  in  a  horizontal 
position,  particular  attention  was  given  to  the  character  of  the  top 
bar,  which  would,  of  course,  form  the  wearing  surface  of  the  rail. 
Cold-short  or  granular  iron  was  used  for  it,  while  the  remainder, 
or  at  least  the  flange  of  the  rail,  was  of  fibrous  iron. 

At  one  time  a  rail  with  a  puddled-steel  head— or  rather  with  the 
tof)  bar  of  the  pile  of  puddled  steel — found  much  favor,  but,  owing 
to  the  difficulty  of  obtaining  uniformly  good  welds,  the  results  were 
not  satisfactory.  Some  of  these  so-called  steel-headed  rails  had  the 
top  bar  of  what  was  known  as  silicon  steel. 

Another  plan,  on  which  much  money  was  sjoent,  was  to  hammer  a  pud- 
dled ball,  or  weld  two  puddled  balls  together,  under  a  steam  hammer, 
and  draw  them  into  a  slab  2  to  2J  ins.  thick,  which  was  used  on  the 
top  of  the  rail  pile.  Under  an  order  from  the  Pennsylvania  Eailroad 
Company,  the  Cambria  Iron  Company,  in  whose  employ  the  writer  was 
then  serving,  erected  a  special  steam  hammer,  and  made  several  thou- 
sand tons  of  such  rails.  Their  service  was  somewhat  disappointing, 
and  the  practice  was  abandoned. 

At  that  time,  as  since,  commercial  conditions  controlled.  The 
railroads  had  the  worn-out  rails  on  their  hands,  and,  regardless  of 
whether  or  not  the  practice  would  give  satisfactory  results,  they 
adopted  a  system  of  having  the  old  rails  re-rolled  into  new  ones. 
At  first  a  certain  percentage  of  new  iron  was  specified,  but  as  the 
necessities  for  immediate  economies  increased,  that  demand  was 
eliminated  from  the  contracts,  and  the  new  rails  were  composed 
entirely  of  the  old  ones.  The  best  practice  was  to  make  a  pile  of 
old  rails,  break  it  down  into  bars,  which  were  piled  upon  each  other, 
and  then  rolled  into  rails.  But  presently  this  was  found  to  be 
too  expensive  to  successfully  meet  the  cry  for  cheaper  rails,  and 
only  the  top  and  bottom  of  the  j^iles  were  formed  from  re-worked  iron, 
the  center  being  composed  of  from  three  to  six  pieces  of  old  rails. 

From  the  many  re-workings,  the  cheapening  of  the  process  of 
manufacture,  and  the  increasing  demands  of  traffic,  the  wear  of  the 
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Mr.  Hunt,  iron  rails  become  more  and  more  unsatisfactory,  until  it  seemed  as 
though,  from  that  cause  alone,  the  limit  of  railway  development  had 
been  reached.  Such  situations  frequently  occur  in  earthly  affairs; 
and  seldom  if  ever  has  the  occasion  failed  to  be  met  by  a  solution 
of  its  difficulties.     In  this  case,  came  the  invention  of  Bessemer. 

It  is  a  historical  fact  that  the  first  rail  ever  made  from  Bessemer 
steel  was  placed  on  the  Midland  Railroad,  of  England,  early  in  1857, 
at  a  point  where  iron  rails  had  sometimes  to  be  renewed  within  three 
months;  and  it  remained  there  until  June,  1873,  some  sixteen  years, 
during  which  time  about  1  250  000  trains  and  any  number  of  detached 
engines  and  tenders  passed  over  it. 

We  all  realize  that  without  such  an  innovation  as  Bessemer's,  the 
subsequent  tremendous  expansion  on  railway  development  would  have 
been  physically  impossible. 

Railway  managers  were  timid  about  using  steel  rails,  and  in 
America  many  attemjjs  were  made  to  produce  a  satisfactory  rail 
having  an  iron  base  and  web,  with  a  steel-capped  top.  None  was 
satisfactory,  and  the  Bessemer  steel  rail  soon  conquered  the  situation. 

The  first  steel  rails  laid  down  by  an  American  railroad  were 
imported  by  J.  Edgar  Thomson,  President  of  the  Pennsylvania 
System. 

The  first  to  be  manufactured  in  America  were  rolled  at  the  mills 
of  the  North  Chicago  Rolling  Mill  Company,  Chicago,  111.,  on  May 
24th,  1865,  from  ingots  produced  in  experimental  steel  works  at 
Wyandotte,  Mich.  They  were  not  many  in  number,  and  were  made 
on  the  regular  iron  rail  rolls  of  the  mill.  Several  of  the  rails  were  put 
in  local  railway  tracks  and  gave  good  service. 

The  first  production  of  steel  rails  in  the  United  States,  on  a  com- 
mercial order,  was  at  the  Cambria  Iron  Company's  mill,  in  August, 
1867,  from  ingots  made  by  the  Pennsylvania  Steel  Company,  near 
Harrisburg,  Pa.  The  converting  works  of  that  company  were  com- 
pleted some  time  in  advance  of  its  rail  mill,  which  led  to  an  arrange- 
ment under  which  the  ingots  were  sent  to  Johnstown  to  be  ham- 
mered into  blooms  which  were  then  reheated  and  rolled  into  rails. 
The  steel  was  made  under  the  management  of  the  late  Alexander  L. 
HoUey,  M.  Am.  Soc.  C.  E.,  then  in  charge  of  the  Pennsylvania  Steel 
Company.  George  Fritz  was  the  Chief  Engineer  and  General  Superin- 
tendent of  the  Cambria  Iron  Company,  and  Alexander  Hamilton, 
Superintendent  of  the  rail  and  other  mills,  while  the  writer  was  in 
direct  charge  of  the  steel  department. 

It  is  a  matter  of  some  interest,  that  the  ingots  were  drawn  down  by 
the  steam  hammer  which  had  been  installed  some  years  before  to 
make  the  hammered  iron  slabs  for  the  Pennsylvania  Railroad  Company's 
rails.  Froin  this  time,  the  production  in  America  of  Bessemer  steel  rails 
increased  rajjidly. 


Papers.]       DISCUSSION"   ON"   RECENT   PRACTICE   IN    RAILS.  759 

For  a  time  after  the  starting  of  the  Pennsylvania  Steel  Company's  Mr.  Hunt. 
Bessemer  Works,  the  ingots  were  cast  from  the  top,  on  the  then- 
accepted  English  plan.  Mr.  Holley's  mind  was  not  so  constituted  that 
he  could  long  follow  any  beaten  track  without  an  effort  to  do  better 
work  on  some  other  line.  Thus,  he  introduced  the  bottom-casting  of 
ingots;  pouring  the  steel  into  a  central  octagonal  mould  about  14  ins. 
diameter  at  the  bottom  and  10  ins.  at  the  top,  from  the  bottom  of  which 
the  metal  flowed  through  connecting  gates  into  four  surrounding 
moulds  8i  ins.  square.  This  plan  was  adopted  after  consultations  with 
Mr.  George  Fritz,  who  had  roils  turned  to  take  the  8J-in.  iugots. 
The  central  or  sjirue  ingots  were  hammered  into  blooms.  It  was 
foiind  that  the  small  ingots  rolled  satisfactorily,  while,  on  the  contrary, 
the  central  ones  cracked  badly  during  working. 

This  led  to  much  discussion  and  consultation  among  the  operative 
officers  of  the  Cambria  Company  and  Mr.  Holley,  the  result  of  which  was 
that  John  E.  Fry,  then  superintendent  of  the  Cambria  Iron  Company's 
ii-on  foundry,  suggested  the  use  of  a  rammed-uji  center  sprue,  4  ins.  in 
diameter,  connecting  through  fire-brick  gates  with  surrounding  ingots; 
the  sprue  and  gates  to  be  treated  as  scrap.  This  plan  answered 
admirably. 

While  in  charge  of  the  experimental  Bessemer  Works  at  Wyan- 
dotte, Mich.,  in  the  interest  of  the  Cambria  Iron  Company,  the  writer 
had  developed  a  manner  of  bottom-casting  ingots.  Mr.  Holley,  hav- 
ing protected  his  plan  by  a  patent,  Mr.  Fry  and  the  writer  united  in 
patenting  theirs,  and  their  interests  and  those  of  Holley  were  consoli- 
dated. For  some  years  after  this,  practically  all  bottom-casting  of 
ingots  in  America  was  licensed  under  these  patents.  After  a  time  the 
price  of  rails  became  so  much  reduced  that  the  loss  incident  to  the 
scrap  of  the  center  sprue  and  bottom  gates  made  in  bottom-casting 
became  a  serious  matter,  and  while  it  was  and  is  impossible  to  cast  as 
sound,  and  hence  as  good,  ingots  from  the  top,  the  better  plan  was 
abandoned. 

'  At  first,  all  the  American  Bessemer's  works  pursued  the  English 
plan  of  reducing  the  ingots  to  blooms  under  steam  hammers.  This 
was  so  at  the  Pennsylvania  and  Troy  Works.  The  success  in  rolling 
the  Si-in.  ingots  at  Johnstown  led  to  the  invention  of  the  American 
blooming  mill,  and  this  soon  completely  superseded  the  steam  hammer 
in  rail  making. 

This  idea  originated  with  Mr.  George  Fritz.  Holley  and  he  were 
intimate  friends  and  exchanged  views  freely.  Holley  had  severed  his 
connection  with  the  Pennsylvania  Steel  Company,  and  returned  to 
the  Troy,  N.  Y. ,  Works.  There  he  built  a  three-high  blooming  mill. 
While  it  had  tables,  their  rollers  were  not  power-driven,  and  the 
ingots  had  to  be  pushed  into  the  rolls  and  turned  over  on  the  tables 
loj  hand.     Soon  after,  George  Fritz  built  a  blooming  mill  at  Johns- 
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Mr.  Hunt,  town,  in  connection  with  a  Bessemer  converting  plant,  and  put  into 
use  his  patented  ideas  of  driven  rollers,  hydraulically  controlled 
movable  rolls,  and  a  "turning  over  and  sliding  from  pass  to  pass" 
device,  christened  by  the  mill  hands  a  "  go-devil,"  which  permitted 
the  economical  handling  of  larger  ingots.  This  was  the  birth  of  the 
American  blooming  mill.  In  perfecting  his  plans  George  Fritz  had 
the  benefit  of  the  advice  of  his  brother  John,  then  manager  of  the 
Bethlehem,  Pa.,  Works. 

Perhajjs  these  details  apply  more  to  rolling-mill  practice  than  to 
the  rails  themselves;  but  the  writer  thinks  that  they  have  played  a 
most  important  part  in  relation  to  the  character  of  steel  rails,  and  are 
pertinent  to  the  subject.  Holley  started  the  innovation  by  which  the 
production  of  steel  ingots  has  been  increased  so  greatly.  Fritz  gave 
the  blooming  mill,  which  would  not  only  take  care  of  all  that  was  sent 
to  it  from  the  converting  works,  Init  like  Oliver  Twist,  ask  for  more; 
and  the  late  Capt.  William  R.  Jones,  Piobert  Forsyth,  M.  Am.  Soc.  C. 
E. ,  and  several  others  built  rail  mills  which  were  not  satisfied  with 
the  amount  of  steel  sent  to  them  by  any  blooming  mill.  This  has  ail 
been  magnificent.  It  has  made  possible  undreamed-of  low  prices  for 
steel  rails.  It  has  helped  to  build  railroads,  but  has  it  improved  the 
quality  of  the  rails  produced? 

Steel  rails,  when  first  manufactured,  replaced  iron  rails,  which, 
through  their  deteriorated  quality  and  the  increased  duty  demanded 
of  them,  were  giving  most  unsatisfactory  service.  Some  of  the  early 
steel  rails  failed,  but  most  of  them  were  so  much  better  than  the  best 
of  their  predecessors  that  such  failures  did  not  excite  adverse  com- 
ment. They  were  of  what  would  now  be  considered  light  sections,  and 
thus  in  their  production  from  the  6  x  6-in.  or  7  X  7-in.  blooms  from 
which  they  had  been  rolled,  had  received  much  work,  and  at  a  com- 
paratively low  temperature.  In  the  writer's  judgment  the  greatest 
factors  in  the  production  of  good  rails  are  covered  by  the  words  "work, 
and  temperature."  All  steel  men  know  that  work  at  high  heats  does^ 
not  change  the  grain  of  steel  at  all  in  proportion  to  work  given  at 
lower  temperatures. 

For  years  after  the  introduction  of  steel  rails  a  65-lb.  per  yard 
section  was  considered  a  heavy  one.  In  fact,  in  America  it  was  the 
heaviest  used,  and  much  the  largest  jjercentage  was  not  over  60  lbs. 
These  were  rolled  from  7  X  7-in.  blooms.  The  ingots  from  which  the 
blooms  were  made  were  generally  12  X  12  ins.  After  the  bloom  was 
formed  it  was  examined  carefully  after  becoming  cold,  and  all  cracks 
and  mechanical  imperfections  were  ehii3ped  out.  Then,  after  slow- 
heating,  with  care  to  avoid  too  high  a  temiierature,  the  blooms  were 
rolled  into  rails  by  light  reductions.  While  this  was  being  done,  if  a 
defect  showed  itself,  the  process  was  stopped  until  it  was  chipped  out. 
Now,  this  slow  work  at  a  moderate  and  steadily  decreasing  tempera- 
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tiire,  I'esulted  in  a  fine  grained  metal,  which,  of  necessity,  no  matter  Mr.  Hunt, 
what  may  have   been   its  chemical  composition,   would  give  greatei* 
resistance  to  the  wear  of  traffic  than  could  be  possible  from  the  coarser 
grained  steel  which  is  in  the  head  of  the  heavier  and  more  rapidly  ■ 
rolled  sections  of  to-day. 

By  waiting  long  enough  the  things  of  the  past  always  become  the  , 
best.     That  is,  provided  the  past  is  not  examined  too  closely.     It  must . 
be  remembered  that  the  early  rails  replaced  a  much  inferior  article;  in 
fact,  created  a  revolution  in  railway  maintenance  of  way.     Hence,  if  a 
few  from  any  cause  failed,  it  excited  little  comment;  they  were  quietly 
replaced  by  others.     After  a  while  these  failures  were  forgotten,  and 
the  whole  lot  of  existing  rails  was  instanced  as  an  example  of  what 
rails  should  be.     Another  thing  which  must  not  be  overlooked  is,  that 
the  early  steel  rails  had  the  ultimate  stress  of  traffic  applied  by  slow 
degrees.     In  other  words,  the  traffic  to  which  they  were  subjected 
when  first  put  in  service  was  for  them  light  duty.     Heavier  rolling 
stock,  faster  and  more  frequent  trains,  came  gradually.     The  old-time 
rails,  which  are  in  these  later  days  so  reverently  mentioned,  had  been  ■ 
subjected  to  a  cold-rolling  jarocess  before  being  given  their  severest  ■ 
task.     To-day  an  80-lb.  rail  is  hardly  cold  before  a  175  000-lb.  loco- 
motive, hauling  100  000-lb.   capacity  cars  at   35  miles  per  hour;  and 
limited  expresses  of  heavy  Pullmans  at  60  miles  per  hour  are  thunder- 
ing over  it. 

The  details  of  manufacture   of   steel   rails   changed,   not  only   in 
America,  but  also  in  England  and  other  countries.     This  had  to  be, 
and  it  would  to-day  be  as  impossible  to  return  to  the  earlier  methods  • 
as  to  restore  the  service  of  stage  coaches.  > 

In  1876,  the  writer  presented  a  paper  at  the  Philadelphia  meeting 
of  the  American  Institute  of  Mining  Engineers,  on  "The  History  of 
the  Bessemer  Process  in  America, "  and  with  great  pride  chronicled 
the  fact   that  the  North  Chicago  Bessemer  Works,  under  the  manage-- 
ment  of  Robert  Forsyth,  had,  in  a  single  month,  produced  6  457  gross 
tons  of  ingots,  and  that  it  led  the  world's  records.     These  ingots  were 
all  rolled  into  rails.      To-day,  the  North  Chicago  Converting  Works 
and  rail  mill  are  abandoned,  their  places  having  been  taken  by  the* 
present  South  Chicago  plant  of  the  Illinois  Steel  Company,  in  which 
rail  mill  the  largest  month's  production  has  been  58  103  gross  tons  of  • 
standard-sectioned  rails. 

The  Edgar  Thomson  Works  of  the  Carnegie  Steel  Company  has 
made  47  074  gross  tons  of  rails  in  a  calendar  month.  Other  American 
mills  are  turning  out  a  large  tonnage,  but  it  is  believed  that  the  fore- 
going at  present  hold  the  record. 

While  the  faster  work  of  modern  practice  has  somewhat  altered 
the  character  of  the  steel  in  rails,  it  must  not  be  assumed  that  the  , 
product  has  been  increased  without  any  regard  to  other  considerations. 
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Mr.  Hunt.  That  is  not  true;  on  the  contrary,  the  outward  character  or  finish  of  the 
rails  has  been  improved  to  a  radical  extent.  While  working  fast,  the 
improved  machinery  is  also  reliable,  and  the  care  exercised  in  keeping- 
true  to  section,  square  sawing,  accurate  drilling  and  straightening  of 
both  line  and  surface,  yield  results  which  it  would  have  been  impos- 
sible to  obtain  in  the  earlier  days.  In  fact,  the  requirements  of  the 
railways,  in  conseqixence  of  increased  weight  and  sjjeed  of  trafiic,  etc., 
have  made  it  imperative  that  such  finished  rails  should  be  given  them. 

It  is  not  desired  to  draw  any  invidious  comparisons,  but,  in  the 
writer's  judgment,  American  makers  are  to-day  not  only  turning  out 
the  most  rails,  but  at  the  same  time  the  best  finished  ones  now  pro- 
duced. Moreover,  foreign  rails,  imported  into  the  "United  States  and 
Canada  during  late  years,  have  not  worn  any  better  than  American 
rails. 

It  has  been  stated  that  examining  into  the  past  sometimes  disproves 
assumptions.  So  that,  while  in  the  earlier  days  rail  steel  and  rails 
were  made  with  all  the  time  and  care  which  has  been  described,  all 
the  rails  i^roduced  were  not  satisfactory.  In  fact,  the  exj)erience  of 
the  Pennsylvania  Eailroad  was  such  that  their  chemist,  Charles  B. 
Dudley,  M.  Am.  Soc.  C.  E. ,  made  an  elaborate  investigation  into  the 
chemical  composition  of  their  satisfactory  and  unsatisfactory  rails. 
His  deductions  were  presented  to  the  American  Institute  of  Mining 
Engineers  in  October,  1878,  and  elicited  a  memorable  discussion.  Dr. 
Dudley  concluded  that  rail  steel  could  be  too  hard  for  good  service, 
even  though  the  rails  did  not  actually  break.  His  conclusions  were 
in  favor  of  chemically  softer  metal.  Some  of  those  discussing  the 
matter  thought  and  stated  that  the  size  of  the  rail  sections  should  not 
be  ignored. 

As  the  accredited  authority  of  .the  great  Pennsylvania  Railroad, 
Dr.  Dudley's  views  carried  added  weight,  and  it  resulted  in  a  demand 
in  America  for  softer  rails.  The  writer  thinks  that  no  one  to-day  will 
attempt  a  defence  of  that  position.  In  fact,  the  practice  did  not  long 
prevail.  But  it  cannot  be  safely  claimed  that  the  present  rails, 
whether  made  in  America  or  imported  from  Europe,  are  giving  abso- 
lutely satisfactory  results.  They  are  jiermitting  the  accomplishment 
of  work  which,  but  a  little  while  ago,  would  have  been  considered  an 
impossibility.  Still,  if  engineers  had  ever  been  absolutely  satisfied 
with  that  which  was,  progress  would  have  halted.  Heavy-sectioned 
rails  which  will  yield  better  results  than  those  now  being  obtained  are 
needed.  Our  railway  organizations  have  generally  become  so  situated 
financially,  that  they  need  no  longer  be  limited  to  the  immediate  present 
in  the  policies  of  their  administrations. 

In  the  old  countries,  railroads  were  built  because  there  was  a  popu- 
lation whose  needs  demanded  them.  In  this  country,  they  were  often 
built  because  there  was  a  tremendous  amount  of  country  and  no  popu- 
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lation.  This  led  to  cheap  construction,  but  while  we  still  have  plenty  Mr.  Hunt, 
of  room  for  more  people,  onr  coimtry  has  become  rich  enough  to  jus- 
tify the  best  of  railroads,  and,  in  fact,  imperatively  demands  them. 
The  successful  operation  of  the  roads  themselves  can  be  only  on  such 
a  basis.  As  the  railroads  increased  in  number,  and  their  requirements 
varied  in  accordance  with  their  traffic  and  profiles,  and  being  con- 
structed and  operated  by  many  different  men,  it  was  natui'al  that  not 
only  the  weight  of  rails  used,  but  their  sections,  should  differ.  In  fact, 
almost  every  road  had  its  own  particular  section.  The  variations 
between  many  were  slight,  but  sufficient  to  necessitate  the  use  of 
special  rolls  in  their  manufacture.  This  had  become  so  pronounced, 
and  caused  so  great  an  investment  of  capital  on  the  part  of  rail  makers 
and  loss  of  time  in  changing  from  one  section  to  another,  etc.,  that 
Mr.  Holley,  in  his  characteristic  progressive  sjurit,  attacked  the  situa- 
tion in  a  paper  presented  to  the  American  Institute  of  Mining  Engi- 
neers, in  February,  1881.  In  this  he  stated  that,  answering  his 
inquiries,  the  eleven  Bessemer  mills  then  making  rails  in  the  United 
States  had  sent  him  drawings  of  188  patterns  which  were  considered 
standard  ones,  and  that  119  patterns  of  27  different  weights  per  yard 
were  regularly  manufactured.  Mr.  Holley  gave  drawings  of  many  of 
these  and  jjointed  out  the  absurdity  of  some  of  the  variations.  His 
pape^  attracted  wide  interest,  but  it  was  a  difficult  matter  to  reach. 
However,  its  discussion  was  continued  by  others  later.  Mr.  P.  H. 
Dudley,  who  had  devoted  much  time  to  the  study  of  the  wear  of  rails, 
and  who  invented  a  recording  car  for  the  examination  of  the  rails, 
contributed  papers  on  the  subject  to  both  the  scientific  press  and 
societies.  Mr.  Hawks,  M.  Am.  Soc.  C.  E.,  then  Chief  Engineer  of  the 
Michigan    Central   Railroad,   advocated   certain  sections,  as  also  did 

D.  J.  Whittemore,  Past- President  Am.  Soc.  C.  E.,  and  the  writer  also 
presented  a  series  of  sections  in  a  paper  read  before  the  American 
Institute  of  Mining  Engineers,  February,  1899. 

This  Society  ajipointed  the  committee  on  "  The  Proper  Relation  to 
Each  Other  of  the  Sections  of  Railway  Wheels  and  Rails,"  which  per- 
formed its  duties  in  a  thorough  manner;  and  following  and  resulting 
from  its  rejiorts,  the  Society  appointed  a  committee  to  consider  and 
recommend  a  series  of  Standard  Rail  Sections.  This  was  in  1891,  but 
the  final  report  of  the  Committee  was  not  made  until  June,  1893.* 
During  the  intervening  years  the  members  of  the  committee  had 
worked  faithfully;  consulted  personally  and  by  correspondence  with 
many  of  the  chief  engineers  of  the  railroad  systems  of  the  country, 
and  agreed  upon  all  points  but  one.  One  member,  Mr.  George  S. 
Morison,  differed  with  the  Chairman,  Mr.  G.  Bouscaren,  and  with 
Messrs.  Foster  Crowell,  Virgil  G.  Bogue,  S.  M.  Felton,  J.  D.  Hawks, 

E.  T.  D.  Myers^  Samuel  Rea,  Thomas  Rodd,  A.  M.  Wellington,  F.  M. 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  xxviii. 
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Mr.  Hunt.  Wilder,  and  Robert  W.  Hunt,  as  to  the  width  of  heads  of  the  proposed 
sections,  and,  on  that  point,  made  a  minority  report. 

As  secretary  of  the  committee  during  the  latter  part  of  its  work, 
the  writer  knows  the  difficulties  and  labors  of  the  task,  and  naturally, 
is  gratified  to  know  that  the  recommended  rail  sections  are  to-day 
practically  the  standard  ones  for  American  railroads.  During  1899, 
quite  15%  of  all  the  rails  rolled  by  American  rail  mills  were  of  what 
are  commercially  known  as  the  American  Society  sections. 

Geographical  and  commercial  conditions  must  govern.  When  the 
Bessemer  process  was  first  introduced  in  America,  imported  English 
pig  irons  were  used  in  making  the  steel.  American  irons  were  exj^eri- 
mented  with  and  gradually  displaced  foreign  irons.  This  practice  first 
prevailed  in  the  works  located  Avest  of  the  Allegheny  Mountains. 
They  soon  relied  entirely  upon  charcoal  pig,  made  from  Lake  Superior 
and  Missouri  ores.  This  was  much  higher  in  phosphorus  than  the 
English  irons,  but  the  results  obtained  from  it  were  so  satisfactory 
that  the  investigation  continued  and  extended  to  the  use  of  American 
mineral  fuel  irons,  both  anthracite  and  coke.  After  a  time  these  com- 
pletely displaced  both  foreign  coke  and  American  charcoal  brands,  in 
both  western  and  eastern  works. 

It  happened  that,  while  the  most  available  western  ores  contained 
percentages  of  phosphorus  fully  up  to  the  limit  possible  for  Bessemer 
uses,  the  cheaiJest  eastern  ores  were  quite  low  in  that  obnoxious  ele- 
ment. Hence,  it  has  been  and  is  a  fact,  that  some  of  the  rail  makers 
located  east  of  the  Alleghenies  can  produce  rails  low  in  phosphorus 
contents,  while  using  the  lowest  priced  pig  metal.  The  opposite  is 
true  of  the  western  mills.  These  geographical  and  commercial  con- 
ditions have  led  to  the  use  of  entirely  distinct  chemical  specifications 
in  the  two  districts— at  least  by  some  of  the  leading  makers  in  those 
districts. 

The  heavier  equipments  and  higher  speeds  required  more  rigid  road 
beds,  which  could  only  be  obtained  by  heavier  sectioned  rails.  These 
were  gradually  adopted.  It  was  naturally  exi^ected  that  as  the  sec- 
tions were  increased  so  would  the  resulting  amount  of  service  yielded 
by  the  rails.  From  the  very  first,  the  results  obtained  were  disap- 
pointing, and  the  writer  doubts  whether  we  will  ever  succeed  in  getting 
results  as  satisfactory  as  those  yielded  by  the  lighter  sections.  As  the 
area  of  the  section  is  increased,  so,  of  necessity,  will  the  work  upon  the 
steel  in  forming  it  be  decreased;  and  as  the  resulting  mass  is  enlarged, 
so  will  the  amount  of  heat  retained  in  it  at  the  time  of  the  final  reduc- 
tion through  the  rolls  be  increased.  In  the  writer's  judgment  it  will 
be  found  that  the  most  satisfactory  results  will  be  obtained  by  so 
modifying  the  rolling  system  that  the  final  pass  (or  better,  passes) 
shall  be  given  after  the  temperature  of  the  partially  formed  rail  has 
been  lowered.  This  is  not  by  any  means  a  new  idea,  but  as  yet  it  has 
not  been  carried  oiit  in  a  manner  calculated  to  obtain  the  best  results. 
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Some  years  ago,  Mr.  F.  A.  Delano,  now  Superintendent  of  Motive  Mr.  Hunt. 
Power  of  tlie  Cliieago,  Burlington  and  Qiiincy  Railroad,  in  the  interest 
of  that  company,  had  some  rails  rolled  at  the  South  Works  of  the 
present  Illinois  Steel  Company,  then  owned  by  the  North  Chicago 
Rolling  Mill  Company,  on  such  lines  and  under  his  personal  super- 
vision. Unfortunately,  these  rails  were  of  a  peculiar  section,  which 
was  not  continued,  but  the  writer  believes  that  the  wear  of  the  metal 
itself  was  encouraging. 

The  satisfactory  wear  being  given  by  rails  renewed  by  the  "McKenna 
Process  "  at  the  Joliet  and  Kansas  City  Mills  of  the  McKenna  Steel 
Working  Company,  bears  very  strongly  on  this  point.  Mr.  McKenna 
takes  rails  which  have  become  unfit  for  further  service  in  main  line 
tracks,  from  having  become  rough  in  surface,  through  flow  of  metal, 
or  other  causes;  or  which  have  become  curve- worn  on  the  side  of  the 
head;  and,  after  carefully  removing  any  fins  which  have  been  formed 
on  the  upijer  edges  of  the  heads  by  metal  flow,  charges  them  into 
a  long  furnace,  and,  when  heated  to  not  more  than  1  500°  Fahr., 
they  are  drawn  from  the  furnace  by  a  mechanical  contrivance  which 
at  the  same  time  removes  any  scale  which  may  have  formed  on  their 
surface,  and  slightly  upsets  or  flattens  the  section.  The  rail  is  then 
passed  through  a  set  of  forming  rolls,  from  which  it  is  carried  forward 
to  another  set,  in  which  it  is  given  a  finishing  pass.  The  rail  is  then 
sawed  hot,  and  cold-straightened  and  drilled  in  the  usual  manner. 
And  while  the  section  has  been  somewhat  reduced,  the  original  finish- 
ing sections  and  heights  have  been  maintained. 

Now,  the  steel  has  been  given  finishing  work  at  low  temperature, 
and  examination  has  proven  that  the  grain  of  the  metal  in  the  head  of 
the  rails  has  been  "  fined."  But,  more  important  than  all,  the  wear  of 
the  renewed  rails  is  promising  to  be  much  more  satisfactory  than  that 
obtained  from  new  rails  of  heavier  sections.  This  treatment  of  rails 
is  no  longer  in  an  experimental  state,  as  it  is  over  five  years  old,  and 
there  are  nearly  100  000  tons  of  renewed  rails  in  service  on  the 
Chicago,  Milwaukee  and  St.  Paul;  Atchison,  Topeka  and  Santa  Fe; 
Wabash  and  other  large  systems.  One  chief  engineer,  on  whose  road 
there  are  many  of  these  rails,  says:  "No  rail  ought  to  be  used  at  all 
until  after  it  has  been  renewed." 

The  writer  has  already  stated  that,  owing  to  geographical,  and 
hence  commercial,  conditions  the  chemical  sjjecifications  under 
which  rails  are  made  difi^er  east  and  west  of  the  Allegheny  Mountains. 
In  the  Scranton  and  Bethlehem  District  what  are  known  as  the  New 
York  Central  and  Hudson  River  Railroad  specifications,  which  were 
originally  formulated  for  that  road  by  Mr.  P.  H.  Dudley,  are  regarded 
as  the  standard ;  while  for  the  mills  west  of  the  Alleghenies,  a  difi'erent 
formula  is  followed.  Some  of  the  main  railway  systems  insist  on 
buying  under  their  own  chemical  specifications,  no  matter  where 
made. 
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Mr.  Hunt.  The  writer  has  gone  on  record  so  often,  as  believing  that  in  the 
absence  of  work  at  low  heats,  incident  to  the  present  method  of 
making  heavy-sectioned  rails,  it  is  important  to  increase  the  carbon 
with  the  section  to  as  great  an  extent  as  the  phosphorus  present  will 
permit,  without  incurring  risk  from  breakage,  that  it  seems  unneces- 
sary to  repeat  the  arguments. 

At  the  Atlanta  meeting  of  the  American  Institute  of  Mining  Engi- 
neers, in  October,  1895,  the  writer  presented  a  set  of  specifications  for 
"Steel  rails  of  Heavy  Sections  Manufactured  West  of  the  Alle- 
ghenies. "  In  accordance  with  these  specifications  thousands  of  tons 
have  been  made  and  used  with  satisfactory  results.  During  the  last 
two  years  the  western  makers  have  declined  to  limit  the  phosphorus  to 
less  than  0. 10  %,  but,  in  fact,  have  been  making  steel  with  a  fraction  less 
than  that  amount — say  0. 09  to  0. 096  per  cent.  And  he  regrets  to  say  that 
in  many  cases  they  insist  that  the  amount  of  carbon  shall  be  less  than 
that  which  he  has  advocated.  He  believes,  however,  that  gradually, 
higher  carbon  will  prevail;  and  certainly  has  not  had  any  cause  to 
change  his  mind  on  the  subject.  His  experience  as  a  steel-rail  maker, 
and  as  an  observer  of  the  wear  of  steel  rails  of  many  sections  and 
diverse  chemical  composition,  leads  him  to  advocate:  First,  work, 
after  careful  heating  of  the  steel,  and  continued  until  its  temperature 
has  been  much  reduced.  Second,  that  the  carbon  percentages  shall  be 
increased  in  proportion  to  the  increase  of  rail  section,  the  ultimate 
amount  being,  of  necessity,  limited  by  the  contained  percentage  of 
phosphorus.  In  all  cases  he  advocates  the  use  of  droji  tests,  on  samples 
from  each  heat  of  steel. 

At  present  many  of  the  American  railway  engineers  use  the  drop 
test,  but  none  of  them  demands  the  static  or  tensile  tests  insisted  upon 
by  so  many  engineers  of  other  countries;  nor  does  the  writer  think 
there  is  any  necessity  for  these  latter.  The  chemical  analyses  and 
drop  tests  are  all  sufficient. 

As  a  matter  of  record,  the  writer  gives  the  chemical  formulas  con- 
tained in  his  specifications  of  1895,  in  accordance  with  which,  as  stated, 
thousands  of  tons  of  rails  have  been  made  and  have  given  good  results. 
And  while  at  present  the  western  makers  decline  to  limit  their  steel  to 
0.085%"  phosphorus,  the  writer  certainly  sees  no  reason  to  decrease  the 
carbon.  In  other  words,  so  many  rails  have  been  made  and  i^roven 
safe  with  quite  as  much  carbon  as  given  in  these  specifications,  and 
with  0. 10%  phosphorus,  that  the  writer  does  not  think  the  former 
element  should  be  made  less,  certainly  not  until  the  details  of  manu- 
facture have  been  changed. 

The  standard  specifications  of  the  Louisville  and  Nashville  Railroad 
Company  are  also  given,  as  they  cover  both  Bessemer  and  basic  open- 
hearth  steel  rails. 

The  so-called  New  York  Central  and  Hudson  River  Railroad  Com- 
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pany's  specifications  are   also   appended;   and  the   present   standard  Mr.  Hunt, 
specifications  of  the  western  rail  mills. 

Egbert  W.  Hunt's  SPECiricATioNS. 

Sec.  8. — The  carbon  in  the  70-lb.  section  shall  not  be  below  0A3% 
nor  over  0.51  jaer  cent.  In  the  75-lb.  section,  not  less  than  0.45%' 
nor  over  0.'i3  per  cent.  In  the  80-lb.  section,  not  less  than  OAS%,  nor 
over  0.56  per  cent.  In  the  90-lb.  section,  not  less  than  0.55%",  nor  over 
0.63  per  cent.  In  the  100-lb.  section,  not  less  than  0.62%",  nor  over 
0.70  per  cent. 

The  phosphorus  shall  not  exceed  0.085  per  cent. 

The  silicon  shall  not  be  below  0.10  per  cent. 

The  remainder  of  the  chemical  composition  of  the  steel  to  be  left 
to  the  maker's  judgment. 

LouisviLiiE  &  Nashville  Raileoad  Specifications. 

The  steel  used  for  rails  shall  contain  carbon  as  follows:  For  58^-lb. 
steel  rail  from  0.42  to  0.52  of  1%;  for  70-lb.  steel  rail  0.47  to  0.57  of  1%, 
and  for  80-lb.  steel  rail  0.55  to  0.65  of  1%.  and  not  more  than  0.(  85  of 
1%  of  i5hosj)horus,  or  0.07  of  1%  of  suli^hur.  Silicon,  0.15  to  0.20  of 
1  per  cent. 

When  the  steel  used  for  the  rails  has  been  made  by  the  basic  open- 
hearth  process,  it  should  be  of  the  following  chemical  composition: 
For  58i-lb.  steel  rail,  from  0.45  to  0.52%  of  carbon;  for  70-lb.  rail,  0.50 
to  0.57%;  for  75-lb.  rail,  0.55  to  0.60%  ;  for  80-lb.  rail,  0.62  to  0.67  per 
cent.  The  steel  used  for  all  rails  shall  contain  silicon  from  0. 10  to 
0.20j^^,  0.15%!  being  preferred;  manganese,  0.90  to  1%;  phosphorus, 
not  to  exceed  0.05%';  suli^hur,  not  to  exceed  0.05  per  cent. 

New  York  Central  &  Hudson  River  Railroad  Specifications. 


Carbon  

Silicon  

Manganese 

Sulphur 

Phosphorus 

Rails  having  carbon  below 
will  be  rejected 

Rails  having  carbon  above 
will  be  rejected 


65-lb. 


0.4.5  too  55 
0.15  to  0.20 
1.05  to  1.25 

0.069 

0.06 


0.43 
0.57 


ro-ib. 


0.47  to  0.57 
0.15  to  0.30 
1.05  to  1.25 

0.069 

0.06 


0.45 
0.59 


75-lb. 


0.50  to  0.60 
0.15  to  0.20 
1.10tol.30 

0.069 

0.06 


0.48 
0.62 


80-lb. 


0.55  to  0.60 
0.15  to  0.20 
1.10  to  1.30 

0.069 

0.06 


0.53 
0.65 


100-lb. 


0.65  to  0.70 
0.15  to  0.20 
1.30  to  1.40 

0.0<i9 

0.06 


0.60 
0.70 


Specifications  of  the  Western  Rail  Mills. 


Section  1. 


Carbon 

Phosphorus J 

Silicon I 

Manganese 


50-lb.  up  to 
60-lb. 


0.35  to  0.45 
not  over 

0.10 

not  over 

0.20 

0.70  to  1.00 


60-lb.  up  to 
70-lb. 


0.38  to  0.48 
not  over 

0.10 

not  over 

0.30 

0.70  to  1.00 


70-lb  up  to 
80-lb. 


0.40  to  0..50 
not  over 

0.10 

not  over 

0.20 

0.75  to  1.05 


80-lb.  up  to 
90-lb. 


0.43  to  0.53 
not  over 

0.10 

not  over 

0.20 

0.80  to  1.10 


901b.  up  to 
1001b. 


0.45  to  0.55 
not  over 

0.10 

not  over 

0.20 

0.80  to  1.10 
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Mr.  Colby.  Albekt  Ladd  CoxiBY,  M.  Am.  Soc.  Mech.  Eng.  (by  letter). — Mr. 
Hunt  very  appropriately  oj^ens  the  discussion  by  remarking  that: 

"As  America  came  to  Great  Britain  for  the  rails  used  on  her  first 
railroads,  it  is  perhaps  fitting  that  this  paper  should  be  presented  to 
the  Society  in  London,  and  at  its  first  English  meeting. " 

To  this  the  writer  would  like  to  add  that  as  America  now  exports 
rails  to  British  Colonies,  it  is  also  fitting,  perhajis,  that  at  this  first 
English  meeting,  a  few  words  be  addressed  to  English  engineers  in 
friendly  criticism  of  foreign  rail  specifications,  and  a  few  practical 
suggestions  given  as  to  modifications  which  can  safely  be  made  in  their 
sjiecifications  without  any  danger  of  obtaining  an  inferior  product  from 
American  rail  mills,  and  with  the  decided  practical  advantages  of  lower 
prices  and  more  prompt  delivery. 

No  discourtesy  is  intended  to  our  hosts,  the  Institution  of  Civil 
Engineers,  in  this  evident  effort  to  advertize  American  steel.  The 
halls  of  our  technical  societies,  and  the  columns  of  our  technical  press 
are  just  as  freely  open  to  our  English  friends,  and  no  one  is  quicker  to 
appreciate  and  adopt  foreign  ideas,  patents  or  products  than  the 
American  engineer,  and  the  American  purchasing  agent. 

The  following  official  statistics  show  the  rapid  increase  in  the  ton- 
nage and  value  of  steel  rails  exported  from  America  in  recent  years: 

Gross  tons.  Value. 

1894 12  229  i$323  880 

1895 8  8 '7  222  661 

1896 72  503  1712  716 

1897 142  808  2  949  901 

1898 291038  5  787  384 

1899 171272  6  122  382 

In  the  following  brief  review,  the  requirements  of  foreign  rail 
specifications  will  be  compared  with  those  contained  in  a  projDosed 
standard  American  specification  for  rails,  recently  framed  by  Commit- 
tee No.  1  of  the  American  Section  of  the  International  Association  for 
Testing  Materials,  and  which  specification  will  be  presented  by  this 
Committee  at  the  Annual  Meeting  of  the  American  Section,  in  October, 
1900,  for  discussion  and  adoption  as  the  standard  American  specifica- 
tion. 

1.  The  Processes  of  Manufacture  Specified. 

In  a  review  of  forty-one  foreign  rail  specifications,  eight  were  found 
which  limit  the  manufacturer  to  the  use  of  "The  best  English  or 
Spanish  hematite  pig  iron  and  charcoal  spiegeleisen."  This  require- 
ment, of  course,  cannot  be  comjjlied  with  in  American  mills,  nor  in  the 
present  state  of  the  art,  does  it  seem  a  necessary  stipulation  in  any 
case,  particularly  as,  if  strictly  interpreted,  it  seriously  limits  com- 
petition. 
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2.  The  Chemical  Pkopekties  Specified. 

(a)  Carbon. — In  63",,  of  the  forty-one  foreign  specifications  reviewed,  Mr.  Colby, 
limits  in  carbon  are  specified,  and  in  the  majority  of  tliese  cases  arange 
of  carbon  of  from  0.10  to  O.155'o  is  given.  This  is  in  general  accord 
with  American  practice,  except  that  the  proposed  American  standard 
specification  increases  the  carbon  gradually  with  the  increased  weight 
of  section,  specifying  iu  each  case  a  range  of  0.10  per  cent.  This  is  in 
accord  with  Mr.  Hunt's  suggestion  that  "The  carbon  jjeicentages 
shall  be  increased  in  i)roportion  to  the  increase  of  rail  section." 

The  actual  percentages  of  carbon  given  in  foi'eign  specifications 
will  not  be  discussed  in  detail.  The  proper  structure  to  insure  safety 
and  wearing  qualities  is  what  is  desired  in  rails;  and  as  the  percentages 
of  carbon,  and  other  hardening  elements  which  will  give  this  structure, 
vary  with  the  finishing  temperatures,  the  chemistry  must  be  changed 
to  suit  the  varying  conditions  of  manufacture.  Some  American  rail 
mills  have  recently  been  successful  in  experiments  looking  toward  the 
jBnishing  of  rails  at  a  lower  temperature  than  at  present  in  vogue  in 
America,  without  diminishing  the  present  output.  This  recently 
patented  improvement  is  in  accord  with  Mi-.  Hunt's  suggestion  that : 

"  In  the  writer's  judgment  it  will  be  found  that  the  most  satisfac- 
tory results  will  be  obtained  by  so  modifying  the  rolling  system  that 
the  final  pass  (or  better,  passes)  shall  be  given  after  the  temperature 
of  the  partially  formed  rail  has  been  lowered." 

In  short,  an  international  standard  composition  for  rails  is  utterly 
impracticable,  and  it  is  useless  for  any  country,  or  any  engineer,  to 
assert  that  their  composition  is  the  best,  and,  therefore,  should  be 
adopted  in  all  countries.* 

(6)  Phosphorus  and  Sidj^hur. — Thirty-two  per  cent,  of  the  foreign 
specifications  reviewed,  called  for  a  phosphorus  and  sulphur  of 
0.06%  or  below.  Rails  meeting  these  requirements  will  be  furnished 
in  America,  at,  of  course,  a  considerably  higher  price  than  charged 
for  rails  of  0. 10%  phosphorus,  which  latter  forms  by  far  the  largest 
proportion  of  the  product  of  American  rail  mills.  Many  thousands 
of  tons  of  American  rails  of  0. 10%  phosphorus  have  given  satisfactory 
service  under  severe  conditions.  The  increased  cost  of  0.06  or  0.(8% 
phosphorus  rails,  over  that  of  rails  containing  0.10%  phosphorus 
does  not,  in  the  opinion  of  many  competent  judges  in  America,  obtain 
a  corresjjondingly  safer  or  better  rail  from  American  mills. 

Mr.  Hunt  states  that : 

"Owing  to  geographical,  and  hence  commercial,  conditions  the 
chemical  specifications  under  which  rails  are  made  differ  east  and  west 
of  the  Allegheny  Mountains.  In  the  Scranton  and  Bethlehem  District 
what  are  known  as  the  New  York  Central  and  Hudson  River  Railroad 
specifications,  which  were  originally  formulated  for  that  road  by  Mr. 

*  See  C.  P.  Sandberg's  paper:  "  The  danger  of  using  too  hard  steel  rails."  Journal, 
Iron  and  Steel  Institute,  No.  3,  1898,  pp.  76-110;  especially  p.  106. 
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Mr.  Colby.  P.  H.  Dudley,  are  regarded  as  the  standard ;  while  for  mills  west  of  the 
Alleghenies,  a  different  formla  is  followed," 

The  Bethlehem  District  referred  to  is  no  longer  a  producer  of  rails, 
and  the  writer  happens  to  be  in  a  position  to  know  that  the  New  York 
Central  and  Hudson  River  Railroad  Company  has  very  recently  aban- 
doned the  0.06%"  phosphorus  limit  recommended  by  Mr.  P.  H.  Dudley, 
and  has  purchased  rails  of  0.10%"  phosphorous.  It  can  hence  be  safely 
asserted,  that,  as  far  as  tonnage  is  concerned,  laractically  all  American 
roads  now  use  rails  of  0.10%'  phosphorous. 

(c)  Silicon  and  Manganese.  —About  one-half  of  the  foreign  rail  speci- 
fications examined  mentioned  limits  in  silicon  and  manganese.  The 
silicon  sjDecitied  varies  from  0.06j^j^  to  0.25  per  cent.  The  manganese 
varies  between  the  wide  limits  of  0.40%  and  1.20  per  cent.  American 
mills  would  not  be  inclined  to  furnish  rails  on  a  specification  limiting 
the  manganese  to  0.40%,  the  requirement  mentioned  in  one  sj)ecifica- 
tion  examined.  The  American  standard  specification  for  rails  states 
that  silicon  shall  not  exceed  0.20%;  and  gives  a  range  of  0.30%  in 
manganese,  the  limits  varying  with  the  increased  section  between  0.70 
and  1.10  per  cent. 

In  general,  it  may  be  stated  that  the  strict  adherence,  by  a  foreign 
engineer,  to  a  specified  complete  chemical  comj)osition,  indeiDendent 
of  the  varying  conditions  of  manufacture,  and  the  rejection  of  large 
lots  of  rails  solely  because  the  sample,  assumed  to  represent  the  lot, 
exceeds  in  some  respects  the  specified  chemistry,  compels  his  client  to 
pay  much  more  than  is  necessary  to  obtain  a  first-class  rail  to-day  from 
American  mills. 

3.  Samples  foe  Analysis. 

Some  foreign  specifications  require  that  every  heat  of  rail  steel  shall 
be  analyzed  for  phosphorus  and  arsenic,  and  stii^ulate  that  if  the 
phosphorus  aad  arsenic  exceed  0  OG^  the  heat  is  not  to  bejused.  It  has 
been  proved  conclusively  that  arsenic  should  not  be  classed  with  phos- 
phorus in  its  eft'ect  upon  the  physical  qualities  of  steel.*  Further- 
more, as  there  is  no  rapid  method  by  which  both  phosphorus  and  all 
of  the  arsenic  can  be  determined,  the  ingots  of  each  blow  could  not  be 
held  for  analysis,  but  must  be  rolled  into  rails  and  subsequently 
rejected  if  the  analysis  shows  a  phosphorus  and  arsenic  of  over 
0.6  per  cent.  This  burden,  with  the  unnecessarily  frequent  analysis 
demanded,  will  not  be  assumed  by  the  American  manufacturer  with- 
out substantial  remuneration,  and  will  more  often  result  in  a  refusal 
to  bid  unless  this  requirement  of  the  specification  be  withdrawn. 

Another  very  arbitrary  clause  in  certain  foreign  specifications,  states 
that  each  500  tons  of  finished  rails  will  be  accepted  or  rejected  on  the 

*F.  W.  Harbord  and  A.  E.  Tucker,  Journal,  Iron  and  Steel  Institute.,  No.  1,  1888, 
pp.  183-196,  and  No.  1,  1895,  pp.  131-132  and  127-126. 

J.  E.  Stead,  Journal,  Iron  and  Steel  Institute,  No.  1,  1895,  pp.  77-140. 
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analysis  of  a  piece  of  one  rail,  selected  by  the  engineer;  said  analysis  Mr.  Colby, 
to  be  made,  at  the  contractor's  expense,  by  an  indejoendent  chemist, 
selected  by  the  engineer.  In  American  mills  the  rails  pass  over  several 
cooling  beds,  and  are  drilled  on  many  sets  of  presses.  Without  great 
additional  labor,  therefore,  it  is  impossible  to  land  the  finished  rails  of 
consecutive  heat  numbers  in  500-ton  piles  in  the  yard,  to  await  the  com- 
plete analysis  of  the  independent  and  probably  distant  chemist.  In 
the  light  of  all  that  has  been  published,  and  candidly  admitted  by  the 
manufacturer,  as  to  the  unavoidable  variation  in  composition  even  of 
the  different  parts  of  a  section  of  rail,  to  say  nothing  of  the  variation 
of  different  rails  of  a  blow,  how  can  an  engineer  conscientiously  accept 
or  reject  500  tons  of  rails  from  the  analysis  of  a  single  rail  ? 

4.  The  Physical  Propeeties  Specified. 

(d)  Tensile  Strength  and  Elongation. — With  a  specified  chemical  com- 
position, a  drop  test,  and,  in  most  cases,  a  dead-weight  test  also,  ten- 
sile strength  and  elongation  is  an  unnecessary  requirement.  In  fact, 
when  carbon,  and  other  hardening  elements  are  specified,  and  strictly 
adhered  to,  the  tensile  strength  and  elongation  should  not  also  be  made 
the  subject  of  specification.  Tensile  specimens  represent,  at  best,  only 
a  small  jjart  of  the  cross-section  of  the  rail.  If  taken  from  the  center 
of  the  head,  the  results  are  affected  by  the  segregation  of  the  hardening 
elements,  and  do  not  represent  the  portion  of  the  metal  subjected  to 
greatest  strains  in  service;  if  taken  from  the  exterior  surface,  the 
results  are  apt  to  be  affected  by  the  presence  of  a  few  partly  welded 
blow  holes.  In  neither  case,  therefore,  can  the  tensile  specimen  be 
considered  as  fully  representing  the  rail  from  which  it  was  cut,  miich 
less  any  lot  of  rails  from  which  the   sample  was  selected. 

(e)  Drop  Tests  Specified. — All  the  foreign  specifications  reviewed,  very 
properly  contain  a  drop  test;  some  of  the  drop  tests  specified,  how- 
ever, are  open  to  considerable  criticism.  Where  chemical  composition 
is  specified,  and  faithfully  followed,  the  drop  tests  should  not  include  a 
certain  maximum  deflection,  but  should  simply  specify  that  the  piece 
of  rail  shall  not  break  under  a  single  blow  on  the  head,  the  tup  falling 
from  a  height  increasing  with  the  weight  of  the  rail  section.  Where 
the  engineer  prefers  to  include  a  certain  maximum  deflection  in  the 
drop  test,  besides  specifying  that  the  piece  of  tested  rail  shall  not 
fracture,  the  percentage  of  carbon  should  be  omitted  from  the  chemical 
requirements.  Either  method  will  insure  a  safe  hard  rail;  but  a  spe- 
cified range  of  0. 10%"  in  carbon  is  perhaps  a  better  and  more  prompt 
means  of  securing  and  maintaining  uniformity  in  the  product. 

(f)  Dead- Weight  Tests  Specified. — This  transverse  test  under  static 
load  should  include  a  determination  of  the  yield  point,  and,  by  means 
of  still  heavier  loads  beyond  the   yield   point,  the  determination  of 
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Mr.  Colby,  greatest  permanent  deflection.  The  test  may  be  looked  upon  as  un- 
necessary wlien  the  chemical  composition  is  fully  specified  and  when 
the  ability  of  the  finished  rails  to  withstand  shock  is  determined  by  a 
drop  test.  However,  the  requirements  of  the  dead-weight  tests  con- 
tained in  foreign  specifications  are  met  without  difficulty  by  American 
mills.  Seventy  per  cent,  of  the  forty-one  specifications  examined 
specify  a  dead-weight  test,  but  in  quite  a  number  only  a  weight  is 
used  which  will  give  no  permanent  set.  The  test  is,  therefore,  fre- 
quently regarded  in  American  mills  as  at  least  unnecessary,  for,  when 
the  loads  specified  are  within  the  elastic  limit  of  the  steel,  the  deflec- 
tions are  merely  factors  of  the  section  of  the  rail. 

5.  Finish. 

Some  foreign  sjjecifications  require,  even  after  the  templets  have 
been  approved  by  the  engineer,  resident  abroad,  that  a  section  of  the 
rail  12  ins.  long  must  be  submitted  to  the  foreign  engineer  and  ap- 
proved in  writing  before  the  general  rolling  can  proceed.  This  is  a 
needless  delay,  as  confidence  can  be  safely  placed  in  the  skill  and  in- 
tegrity of  American  manufacturers. 

In  a  number  of  foreign  specifications  the  permissible  variations  in 
height  of  sections  are  too  rigidly  drawn  to  allow  for  the  unavoidable 
wear  of  the  rolls.  Smoothness  of  track  is  in  nowise  jeopardized  by  an 
allowance  of  -J-^  in.  under  and  ira  in-  over  the  sj)ecified height;  they  are 
the  variations  permitted  by  the  best  American  lailroads.  A  number 
of  foreign  specifications  allow  a  less  variation  in  length  of  rail  than 
J  in.,  which  is  the  uniform  practice  of  American  railroads. 

Most  foreign  specifications  allow  a  variation  in  weight  of  1%  for 
individual  rails.  This  can  be  easily  reduced  to  0.505^0  for  the  entire 
order,  but  the  rails  should  be  paid  tor  on  actual,  and  not  estimated, 
weights. 

6.  Inspection. 

American  mills  are  noted  for  their  willingness  to  aff'ord  the  inspec- 
tor every  facility  to  enable  him  to  satisfy  himself  that  the  rails  are 
being  furnished  in  accordance  with  the  specifications.  In  return,  they 
have  a  right  to  expect  from  a  foreign  purchaser  inspection  which  will 
not  delay  manufacturing  operations.  This  is  by  no  means  always 
realized,  and,  as  it  is  a  frequent  cause  of  expensive  and  annoying  de- 
lays, it  is  a  proper  subject  of  comment. 

The  inspectors  sent  to  American  mills  are  frequently  unfamiliar 
with  rail  inspection,  and  are,  therefore,  too  strict  in  their  inspection, 
and  too  slow  in  their  decisions.  Again,  when  the  specifications  require 
all  four  sides  of  every  rail  to  be  examined  for  flaws,  all  holes  gauged, 
each  rail  tested  for  length  and  squared  on  each  end,  and  stamped  in 
four  places  by  the  inspector's  mark,  and  also  require  him  to  be  present 
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at  tlie  testing,  to  weigh  1%  of  the  rails,  and  to  watch  the  loading  of  Mr.  Colby, 
the  rails  to  see  that  only  those  bearing  his  stamp  are  loaded,  it  is  mani- 
festly unfair  to  the  manufacturer  to  send  but  one  inspector  to  the  mill 
and  exi^ect  the  manufacturer  to  conform  his  product  to  the  number  of 
rails  that  one  inspector  can  pass  upon,  in  nine  or  ten  hours  of  the 
twenty-four.  Lack  of  inspectors  frequently  necessitates  a  change  of 
rolls  at  the  mills,  and  has  delayed  the  departure  of  vessels  on  which 
the  rails  were  being  loaded.  Assuredly,  a  sufficient  number  of  in- 
spectors to  inspect  the  entire  product  of  the  mill  each  day  should  be 
furnished. 

Some  foreign  specifications  require  that  all  rejected  rails  shall  be 
piled  up  and  kept  until  the  completion  of  the  contract,  so  that,  at  any 
time,  the  inspector  may  check  them  with  the  numbers  entered  in  the 
book;  and  that  no  i-ejected  rail  shall  be  sold  or  broken  until  the  com- 
pletion of  the  contract.  This  is  manifestly  unfair  to  the  manufacturer, 
because  on  a  large  contract,  not  continuously  rolled,  a  considerable 
tonnage  of  second-quality  rails  might  be  tied  up,  which  might  other- 
wise be  sold.  Some  foreign  specifications  state  that  the  final  accept- 
ance of  the  rails  and  splice  bars  shall  be  at  the  port  of  delivery.  This 
is  unreasonable;  final  acceptance  should  be  based  on  tests  and  inspec- 
tion made  at  the  place  of  manufacture. 

The  writer  is  confident  that  foreign  purchasers  have  no  desire  to 
knowingly  include  in  their  specifications,  requirements  which,  while 
securing  no  more  efficient  product,  operate  to  limit  competition  and 
increase  the  cost  of  inspection  and  the  price  of  product.  This  thought 
prompted  the  foregoing  criticism  of  foreign  rail  specifications,  which, 
it  is  hoped,  will  result  to  the  mutual  advantage  of  the  foreign  cus- 
tomer, and  the  American  mills. 
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Mr.  Hermg  RuDOLPH  Heeeng,  M.  Am.  Soc.  C.  E. — When  continually  growing 
centers  of  population  reach  a  point  when  their  water  siipplies  can  no 
longer  be  obtained  from  springs  or  wells,  it  becomes  necessary  to 
utilize  larger  sources,  such  as  rivers.  Open  streams,  however,  are 
often  turbid  and  polluted,  at  least  by  the  surface  washing  of  rain 
water,  and  it  becomes  desirable  to  purify  such  water  before  use.  Thus 
originated  the  practice  of  filtering  public  water  supplies,  and  it  is  in- 
teresting to  many  of  us  to  know  that,  within  a  few  miles  of  where  we 
are  now  gathered,  the  first  large  filters  for  this  purpose  were  constructed 
by  Mr.  James  Simpson,  one  of  the  former  presidents  of  the  Institu- 
tion, in  the  year  1829,  for  the  Chelsea  "Water  Company. 

*  The  discussion  of  this  subject,  for  which  no  formal  paper  was  presented,  is  printed 
in  Proceedinqs  in  order  that  the  views  expressed  may  be  brought  before  all  members 
of  the  Society  for  further  discussion.     (See  rules  for  publication,  Proceedings,  Vol.  xxv, 

A  number  of  discussions  on  this  subject,  presented  at  the  Convention,  were  not 
received  in  time  to  permit  of  preparing  them  for  this  number  of  Proceedings.  They 
will  appear  in  a  subsequent  number.  ■  ^  j 

Communications  on  this  subject  received  prior  to  September  22d,  1900,will  be  printed 
in  a  later  numh>irot  Proceedings,  and  subsequently  the  whole  discussion  will  be  published 
in  Transactions. 
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In  the  early  days  the  aim  was  to  get  a  clear  and  palatable  water.  Mr.  Hering. 
Since  the  discovery  of  the  bacterial  origin  of  many  diseases,  and  the 
further  discovery  that  such  pathogenic  bacteria  may  be  introduced 
into  our  bodies  through  the  use  of  water,  a  further  and  most  important 
requisite  is  the  elimination  of  disease  germs  also. 

Filtration  has,  therefore,  a  triple  duty  to  perform:  It  must  render 
the  water  healthful,  clear  and  pleasant  to  taste. 

As  might  be  expected,  different  lines  of  jjractice  have  been  followed 
in  different  coiintries,  and  even  in  the  same  country,  in  the  endeavor 
to  obtain  the  most  effective  and  most  economical  means  of  water  puri- 
fication. The  result  has  been  the  development  of  several  distinct 
processes. 

At  the  last  international  gathering  of  engineers  interested  in  this 
subject,  during  the  World's  Fair  at  Chicago,  in  1893,  the  results  of 
studies  pursued  at  the  experiment  station  of  the  Massachusetts  State 
Board  of  Health,  were  made  known  to  the  world.  These  results  con- 
tributed much  to  the  knowledge  of  removing  bacterial  germs  from 
water,  and  elevated  the  jaractice  of  filtration  from  an  empirical  to  a 
scientific  basis. 

Since  then,  further  substantial  progress  has  been  made  on  both 
sides  of  the  Atlantic,  but  particularly  through  the  extensive  experi- 
ments nude  on  a  large  scale  at  Louisville,  Cincinnati  and  Pittsburg, 
which  covered  the  conditions  of  water  highly  charged  with  suspended 
matter  as  well  as  polluted  by  sewage.  These  experiments  included 
also  a  test  of  filters  of  another  order  than  those  previously  investigated 
in  Massachusetts. 

Experience  has  not  yet  brought  about  a  general  agreement  regarding 
the  relative  merits  of  these  several  filters  and  methods  of  purification 
now  in  use.  It  was  hoped,  therefore,  that  a  discussion  at  this  second 
international  gathering  of  engineers  might  contribute  greater  clearness  ^_ 
as  to  the  controlling  elements,  and  thus  lead  to  a  more  rajjid  progress 
toward  the  desired  end. 

We  may  divide  the  methods  of  water  purification  now  practiced 
substantially  into  two  classes:  One  requires  a  large  bed  of  fine  sand 
through  which  the  water  is  allowed  to  percolate,  at  the  rate  of, 
roughly,  from  5  to  10  cu.  ft.  per  day,  or  1  sq.  ft.  of  filter  surface,  or, 
a  column  2^  to  5  ins.  in  depth,  per  hour.  The  other,  with  a  much 
smaller  bed  of  sand  or  similar  material,  requires  from,  say,  200  to  400 
cu.  ft.  per  day  to  pass  through  1  sq.  ft.  of  filter  surface,  or,  a  column 
of  water  of  from  8  to  16  ft.  in  depth  per  hour,  which  is,  on  the  average,  ' 
a  rate  40  times  faster  than  in  the  first  case. 

As  the  chief  difference  is  this  rate  of  speed,  the  two  systems  have 
been  called,  respectively,  slow  and  rapid  filtration.  The  appliances 
have  also  been  called  "  sand  "  and  "  mechanical  "  filters,  because  sand 
is  the  chief  element  in  the  first  case,  while  mechanical  contrivances 
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Mr.  Hering.  form  the  chief  element  in  the  latter  case.  They  have  also  been  distin- 
guished, respectively,  as  the  English  and  American  filters,  from  the 
countries  where  they  were  first  developed. 

For  filtering  public  water  supplies,  there  are  still  other  appliances, 
of  which  the  Fischer  or  Worms  system  and  the  Maignen  system  have 
been  most  prominent. 

The  Worms  system  requires  the  use  of  artificial  tiles,  through 
which  the  water  is  made  to  jsercolate.  Experience,  however,  has  shown 
that  with  a  reasonably  large  yield  of  water  the  purity  may  be  insuflS- 
cient,  or  vice  versa,  the  expense  being  rather  great  for  any  other  than 
originally  clear  waters. 

The  Maignen  system  requires  the  use  of  asbestos  pulp,  which  is 
caused  to  gradually  form  a  layer  or  cover  over  the  sand  beds  of  slow 
filters  and  collect  the  sediment  and  bacteria.  It  is  claimed  that  it 
greatly  increases  the  safe  rate  of  filtration  per  square  foot.  The 
cleansing  is  effected  by  simply  rolling  up  this  cover,  which  separates 
readily  from  the  sand.  With  this  contrivance  no  experience  on  a  large 
scale  has  yet  been  had. 

The  slow  or  sand  filters  have  Ijeen  used  almost  exclusively  in  Europe. 
The  principle  upon  which  they  act  is  a  double  one:  First,  there  is  a 
straining  action,  in  keeping  out  of  the_i3assing  water  all  coarse  sus- 
pended matter  and  many  of  the  bacteria,  by  the  slimy  sediment  layer 
which  forms  upon  the  surface  of  the  sand;  and  secondly,  there  is  a 
further  disappearance  of  the  bacteria  caused  by  an  organic  process 
going  on  while  the  water  is  percolating  through  the  sand. 

The  efficiency  of  such  a  filter  depends  upon  aniimber  of  conditions, 
the  most  important  of  which  are: 

1.  The  Size  of  the  Sand  Grains. — It  is  found  that  fine  sand  of  uni- 
form size,  several  feet  in  depth,  gives  the  best  results.     It  is  further 

•  found  that  the  number  of  bacteria  in  the  effluent  water  increases  with 
a  decreasing  thickness  of  sand  bed  and  with  an  increasing  size  of  sand 
grains. 

2.  The  Rate  of  Filtration.— K  rate  of  from  2  000  000  to  3  000  000 
U.  S.  galls,  per  acre  jjer  day,  or  a  column  of  water  about  3  to  4.V  ins. 
in  depth  per  hour,  is  found  most  satisfactory,  as  a  rule.  The  number 
of  bacteria  passing  through  the  filter  increases  rapidly  with  the 
rate,  which  should,  in  any  case,  be  kept  uniform  to  get  the  best 
results,  and  to  accomplish  which  requires  the  use  of  controlling 
devices. 

3.  Drainage. — The  free  withdrawal  of  the  water  from  the  under- 
drains,  to  secure  the  same  rate  in  all  parts  of  the  filter. 

4.  Temperature.— The  temperature  of  the  water  should  not  vary 
greatly,  because  it  controls  the  pressure  required  to  eifect  a  given 
rate  of  filtration,  and  because  the  bacterial  efficiency  decreases  with 
the  temperature. 
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5.    Tlie  Age  of  the  Filter  Bed. — New  or  freshly  scraped  filter  beds  Mr.  Hering. 
give  higher  numbers  of  bacteria  in  the  effluent  water  than  old  and 
well-compacted  sand  layers. 

The  slow  system  of  filtration  has  been  practiced  according  to  two 
methods,  the  continuous  and  the  intermittent.  When  the  amount  of 
dissolved  oxygen  contained  in  the  water  is  sufficient  for  the  necessary 
bacterial  action,  the  continuous  method  is  preferable,  because  it  is 
simpler  and  cheaper.  It  is,  therefore,  the  more  common  one.  "When 
the  water  is  highly  polluted,  requiring  a  large  amount  of  oxygen  for 
the  proper  bacterial  action,  the  intermittent  system  may  be  preferable, 
as  in  Lawrence,  Mass.,  where  the  sand  beds  must  be  given  a  frequent 
aeration,  and  thereby  receive  a  new  supply  of  oxygen;  or,  when  the 
water  is  highly  polluted,  a  doiible  continuous  filtration  may  be  prac- 
ticed, as  in  several  cities  of  Holland.  Still  another  variation  is 
practiced  in  Altona,  where  the  first  filtrate  coming  from  the  filter  just 
after  it  has  been  cleaned,  and  therefore  generally  not  sufficiently  pure, 
is  passed  through  another  filter,  which  has  not  been  recently  cleaned, 
before  it  enters  the  city's  mains. 

In  climates  where  water  freezes  frequently  during  the  winter,  and 
to  a  depth  of  at  least  several  inches,  it  is  customary  to  cover  the 
filters  in  order  to  obtain  the  best  results.  Where  it  is  impracticable 
to  do  so,  as  was  the  case  in  Hamburgh,  special  allowance  must  be 
made  for  the  decreased  bacterial  activity  in  the  colder  water,  and  for 
the  mechanical  difficulties  resiilting  from  the  ice. 

When  the  water  to  be  filtered  has  a  high  degree  of  turbidity, 
economy  demands  that  it  be  allowed  to  deposit  most  of  its  suspended 
matter  before  it  is  run  ujaon  the  filters.  Settling  basins  are  therefore 
a  necessary  adjunct  to  almost  all  filters  for  river  water.  When  this 
contains  finely  divided  clay,  the  particles  of  which  are  smaller  than 
bacteria,  it  is  necessary  to  add  a  coagulant  to  the  water  before  it  enters 
the  settling  basins.  Unless  there  is  a  prior  removal  of  this  fine  clay, 
the  filter  may  allow  the  water  to  pass  through  without  giving  it  a 
thorough  clarification. 

One  day's  settling  is  usually  sufficient  for  the  purpose,  as  by  far 
the  largest  proj^ortion  of  suspended  matter,  and  all  the  coarser  matter 
is  I'emoved  within  that  period.  While  the  custom  to  provide  for 
about  one  day's  settling  prevails  in  America  and  Germany,  it  has  been 
preferred  in  England  to  build  storage  reservoirs  sufficient  in  size  to 
hold  water  for  a  much  longer  period.  The  idea  being  that,  for 
economical  reasons,  enoiigh  water  should  be  stored  for  use  during  the 
time  when  a  storm  makes  the  river  water  very  turbid. 

A  slow  filter  is  cleaned  by  removing  a  thin  layer  of  sand,  i  to  1  in. 
in  thickness.  This  upper  layer  contains  not  only  the  suspended 
matter  deposited  from  the  water,  biit  also  most  of  the  bacteria. 

The  second  class  of  filters,  the  so-called  rapid  or  mechanical  filters, 
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Hering.  were  first  introduced  in  America,  and  are  extensively  used  there. 
They  act  on  the  imnciple  of  straining,  by  which  the  suspended  matter 
and  the  bacteria  are  kept  substantially  on  the  surface  of  the  filter 
material.  The  rapid  rate  of  the  jjassing  water  does  not  allow  of  much 
organic  action  below  the  surface,  and  requires  also  a  rather  coarse 
filtering  material. 

In  order  to  hold  back  the  fine  matter  held  in  suspension,  such  as 
clay  particles  and  bacteria,  coagulating  substances  are  added  to  the 
water  in  definite  quantities,  dej)ending  chiefly  upon  the  amount 
of  lime  and  organic  matter  contained  in  the  raw  water.  The 
resulting  flocculent  matter  settles  upon  the  surface  of  the  filter 
bed,  and  then  acts  chiefly  as  a  strainer,  sufficiently  fine  to  hold 
back  the  minute  particles,  including  a  percentage  of  bacteria,  which 
under  favorable  conditions,  may  be  as  large  as  that  removed  by  the 
slow  filters. 

Through  the  investigations  chiefly  of  George  W.  Fuller,  M.  Am. 
Soc.  C.  E.,  the  conditions  for  the  successful  operation  of  such  filters 
are  understood  now  much  better  than  formerly.  It  is  possible,  now, 
to  arrange  their  operation,  so  that,  from  a  water  of  a  given  quality, 
fairly  definite  results  can  be  obtained.  The  efficiency  dei3ends  mainly 
upon  the  size  and  character  of  the  grains,  upon  the  rate  of  filtration, 
the  constancy  of  this  rate,  the  proper  admixture  of  the  necessary 
coagulants  varying  with  the  quality  of  the  water,  and  upon  the 
arrangements  for  properly  withdrawing  the  filtered  water. 

Two  kinds  of  rapid  or  mechanical  filters  have  been  used,  those 
acting  under  the  slight  j)ressure  of  the  water  contained  in  an  open 
filter,  and  those  acting  imder  a  high  pressure  in  a  closed  filter. 
Although  it  is  in  many  cases  convenient  and  economical,  the  high- 
pressiire  filter  cannot  give  equally  good  bacterial  results,  because  the 
delicate  film  of  coagulant  may  be  more  readily  ruptured.  High- 
pressure  filters,  therefore,  should  be  used  only  for  waters  which  are 
not  seriously  polluted. 

A  rajjid  filter  is  cleaned  by  reversing  the  current  and  washing  the 
entire  mass  of  sand  thoroughly  with  filtered  water,  for  which  numerous 
and  more  or  less  efficient  mechanical  devices  have  been  used.  This 
washing  process  requires  fi'om  3  to  5%  of  the  filtered  water,  and  an 
opportunity  of  disposing  of  the  waste  water  in  an  unobjectionable 
manner. 

In  case  the  water  is  very  turbid  a  preliminary  settling  is  of  advan- 
tage also  with  this  class  of  filters. 

From  the  foregoing  necessarily  very  brief  review  of  the  chief 
characteristics  of  the  two  principal  methods  of  filtration  now  in  use, 
it  will  be  gathered  that  they  may  both  satisfactorily  purify  water 
under  many  ordinary  conditions. 

The  criteria  which  should  guide  in  the  selection  of  one  or   the 
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other  method  for  a  particular  case  are  their  relative  sanitary  effects  Mr.  Hering. 

under  expected  conditions,  the  reliability  of  their  operation,  and  their 

cost. 

In  these  introductory  remarks  it  is  not  the  purpose  to  enter  fully 
and  in  detail  into  a  comparison  of  the  merits  and  demerits  of  the 
several  methods.  It  is  hoped  that  those  who  join  in  the  discussion 
may  do  so.  The  sijeaker  will  merely  sta,te  his  own  conclusions 
derived  from  his  practice. 

The  sanitary  effect  of  a  filtered  water  will  be  judged  by  the  pre- 
vailing death  and  sick  rates.  We  have  abundant  evidence  that  a  well 
constructed  and  faithfully  operated  filter  of  the  slow  type  can  ma- 
terially reduce  typhoid  fever  and  diarrhoeal  diseases.  There  is  hardly 
a  question  that  it  will  also  remove  the  contagion  of  cholera.  A 
similarly  strong  statement  regarding  the  sanitary  effect  of  rapid 
filters  can,  from  lack  of  experience,  hardly  yet  be  made,  though  we 
know  that  the  bacterial  efficiency  of  both  classes  of  filters  can  be 
made  almost  equally  high,  the  slow  filters  being  probably  slightly 
more  efficient. 

As  to  the  reliability  of  operation,  it  seems  to  the  speaker  that  the 
slow  filters  should  be  given  the  preference.  The  great  difference  in 
the  rate  of  filtration  furnishes  the  reason  for  this  conclusion.  When 
there  is  a  rupture  in  the  coagulated  material  covering  the  filter — and 
such  a  rupture  is  likely  to  be  jn-oduced  by  some  irregularity — the 
amount  of  impurified  water  passing  through  the  filter  is  many  times 
greater  than  in  the  case  of  a  slow  filter,  where  such  a  rupture,  even 
when  it  does  occur,  cannot  produce  as  harmful  results. 

Regarding  the  other  chances  of  mishaps,  they  are  less  serioiis  and 
may  result  equally  in  both  cases.  The  skill  necessary  to  operate  the 
two  kinds  of  filters  may  also  be  considered  aseqvial,  if  the  best  results 
are  reached. 

We  may  conclude,  therefore,  that,  as  regards  efficiency  and  reli- 
ability, both  methods  can  render  satisfactory  service,  depending  on 
the  special  conditions  of  the  raw  water,  the  degree  of  purity  to  be 
obtained  and  the  care  exercised  in  the  operation. 

If  the  raw  water  is  highly  j^olluted,  slow  filtration,  or  a  double 
filtration,  is  to  be  preferred.  In  other  cases,  the  decision  will  generally 
depend  upon  the  cost. 

Regarding  the  cost,  it  has  been  found  that  often  the  two  methods 
are  about  equally  expensive.  The  required  investment  is  usually 
greater  for  slow  filters,  but  the  cost  of  operation  is  correspondingly 
less,  and  vice  versa. 

We  may  expect,  therefore,  that  both  the  slow  and  rapid  filters  will 
be  used  in  the  future  with  good  results  in  their  respective  spheres, 
and  that  the  pecl^liar  conditions  of  each  locality  will  enable  the 
engineer  to  decide  as  to  which  will  give  the  greater  satisfaction  at  the 
lower  cost. 
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Phihep  H.  PaijMek,*  M.  Inst.  C.  E.  (by  letter). — Ten  years  ago  the 
writer  was  induced  to  try  Polarite  for  the  filtration  of  drinking  water. 
Up  to  that  time  he  had  used  the  ordinary  filter  bed,  made  with  a  12-in. 
layer  of  fine  sand,  a  12-in.  layer  of  coarse  sand,  a  9-in.  layer  of  fine 
shingle,  and  coarser  material,  making  a  total  thickness  of  4  ft.  The 
rate  of  filtration  varied,  according  to  the  state  of  the  bed,  from  470 
galls,  per  square  yard  per  24  hours  up  as  to  much  as  650  galls. 

The  drinking  water  supplied  to  Hastings  is  derived  from  deep 
wells,  and  is  highly  charged  with  oxide  of  iron,  both  in  suspension 
and  solution.  This  is  brought  out,  on  contact  with  the  air,  and  forms 
a  fairly  thick  deposit  of  oxide  of  iron  on  the  surface  of  the  filter  bed. 
The  writer  tried  an  experiment  with  Polarite  with  very  good  results; 
a  small  filter  bed  was  made  with  6  ins.  of  coarse-grained  sand  and  12 
ins.  of  Polarite  underneath  it.  The  rate  of  filtration  was  increased 
enormously,  and  the  quality  of  the  water  after  filtration  was  as  good 
as  when  filtered  at  a  slower  rate.  He  then  constructed  at  some  of  the 
filter  beds  a  large  receiving  chamber  having  a  screen  between  it  and 
the  distributing  channels  to  the  filter  beds  filled  with  Polarite.  These 
screens  were  about  4  ft.  high,  and  the  space  between  them  was  2  ft. 
wide.  The  water,  after  being  discharged  into  the  receiving  basin, 
passed  through  the  Polarite  before  being  turned  upon  the  ordinary 
filter  bed.  After  j^assing  through  this  material  the  water  was  freed 
of  a  very  large  part  of  the  iron  in  suspension,  and  analyses  showed 
that  a  very  great  improvement  had  been  made  in  the  quality  of  the 
water. 

All  the  water  supplied  to  Hastings,  amounting  to  considerably  over 
1  000  000  galls,  a  day,  is  now  filtered  through  Polarite;  and  at  present 
the  writer  is  erecting  a  battery  of  six  mechanical  filters,  each  capable 
of  effectually  filtering  10  000  galls,  per  hour.  These  filters  are  9  ft.  in 
height  and  6  ft.  6  ins.  in  diameter.  They  are  made  of  steel  plates,  prop- 
erly riveted  and  stayed,  and  can  be  worked  at  a  pressure  of  from  5  to 
40  or  50  lbs.  per  square  inch.  The  filtering  material  is  Polarite,  and 
the  results  are  far  beyond  any  which  have  yet  come  to  the  writer's 
knowledge.  A  recent  analysis  of  water  passed  through  a  similar  filter 
is  as  follows: 

Filters  of  a  similar  kind  are  at  work  at  South  wold,  in  Essex,  and 
at  Leighton  Buzzard.  The  results  obtained  at  the  latter  place  are 
almost  extraordinary.  The  water  there  is  charged  with  iron  to  such 
an  extent  as  to  be  very  perceptibly  inky  in  taste,  but  after  filtration 
through  Polarite  in  a  mechanical  filter,  at  the  rate  of  8  000  galls,  per 
hour,  this  taste  is  entirely  removed.  The  water,  which  is  very  cloudy 
before  filtration,  is  rendered  perfectly  clear,  and  about  90%  of  the  iron 
is  removed. 

*  Water-works  Engineer  to  the  Corporation  of  Hastings. 
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Mr.  Palmer. 


Appearance 

Color 

Smell 

Deposit 

Nitrous  acid 

Poisonous  metals 

Hardness  before  boiling . 
"        after        " 


Unfiltered. 


Turbid. 

Greenish  blue. 

None. 

Appreciable  quantity. 

None. 

None. 

10h°  Clark. 

4JO      .. 


In  grains  per  gallon 
Oxygen  absorbed  from   permanganate   in    4 

minutes 0.008 

Oxygen   absorbed  from    permanganate  in  4 

hours 0.030 

Total  dry  residue 32.96 

Color  of  residue Brownish. 


Behavior  of  residue  on  ignition. 


Nitric  acid 

Ammonia 

Albuminoid  ammonia. 


Iron  in  solution 

Deposit,  chiefly  oxide  of  iron. 


I  Blackens   markedly, 
[     burns  off  readily. 

Minute  trace. 
0  0019 
0.0022 

0.035 

0.98 


Filtered. 


Clear. 
Greenish  blue. 
None. 
None. 
None. 
None. 
111°   Clark. 


0.007 

0.029 
26.04 
White. 
Darkens     very 
slightly,  burns 
off  readily. 
Ti-ace. 
0.0000 
0.0022 
;  Very  minute 
I  trace. 


After  an  experience  of  ten  years  in  the  use  of  this  material,  and 
having  experimented  and  tried  other  methods  of  filtration,  the  writer 
is  of  the  opinion  that  it  forms  one  of  the  best  filtering  mediums  it  is 
possible  to  obtain.  Water  can  be  filtered  through  it  perfectly,  and  at 
a  rate  which  is  almost  impossible  with  most  materials.  It  can  easily 
be  cleaned,  and  does  not  appreciably  lose  its  bulk  through  cleansing. 

The  following  are  analyses  of  water  after  having  been  filtered 
through  Polarite: 


Appearance 

Clear. 

Very  pale  blue. 

Inodorous. 

None. 

None. 

Minute  trace. 

None, 

9J°  Clark. 

5°    Clark. 

Clear. 

Pale  greenish  blue. 

None. 

None. 

Clear. 
Pale  bluish 

None. 
None. 

Clear. 

Color 

SmeU 

Deposit 

Poisonous  metals 

Blue. 
None. 
None. 

Phosphoric  acid . 

Nitrous  acid 

Hardness  before  boiling. 
Hardness  after  boiling. . 

10^°  Clark. 

10°  Clark. 

10°  Clark. 

Oxygen  absorbed    from 
permanganate 

Total  dry  residue 

Color  of  residue 

Behavior     of    residue  I 
on  ignition  ) 

Chlorine 

Nitric  acid 

Ammonia 

Albuminoid  ammonia... 

Total 

Liquefying 

Coli 


27.44 

White. 

(  Does  net  blacken ) 

(      perceptibly.      ) 

7.14. 

Trace. 

0.0000 
0.0000 

Micro-organisms  per  cubic  centimeter. 


0.010 

0.017 

0.009 

7.14 

Trace. 

0.0000 
0.0023 

7.26 

Trace. 

0.0000 
0.0014 

7.98 

(  Minute 

(    trace. 

0.(X)00 

0.0007 

5 
None. 
None. 
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Mr.  Perrett.  E.  Pekrett,  Assoc.  M.  Inst.  C.  E.  (by  letter). — The  writer  was  in- 
terested, a  few  years  ago,  in  the  design  of  some  filtering  apparatus  for 
a  town  of  30  000  inhabitants.  Six  filters  were  at  first  supplied,  and 
shortly  afterward  twelve  more  of  a  similar  kind  were  provided,  so  that 
their  satisfactory  performance  may  be  assumed. 

The  filters  were  tanks,  5  ft.  square,  made  of  cast-iron  plates, 
and  were  in  sets  of  three.  A  few  inches  above  the  bottom  was  placed 
a  perforated  false  bottom,  supporting  a  wire-work  frame  which  car- 
ried the  filtering  material,  coarse-grained  charcoal  about  12  ins.  deep. 
Between  the  false  bottom  and  the  bottom  jjlate  of  the  tank  was  placed 
a  branched  perforated  pipe.  Above  the  filtering  material  was  placed 
a  wire  gauze  drum  provided  with  an  outlet  pipe  for  the  dirty  water 
and  refuse. 

When  filtering,  the  water  was  brought  in  above  the  material,  and, 
passing  down  through  it,  was  filtered  and  escaped  through  a  suitable 
outlet. 

When  cleaning  became  necessary,  or  rather,  advisable,  the  outlet 
was  shut  off,  the  dirty-water  outlet  was  opened,  and  compressed  air  at 
a  i:)re8sure  of  about  6  lbs.  was  passed  through  the  perforated  pipes  and 
up  through  the  dirty  filtering  material,  thoroughly  disturbing  it  and 
washing  away  the  dirt  through  the  drum.  The  water  was  at  times 
very  dirty,  but  was  not  impregnated  with  sewage.  The  rate  of  filtra- 
tion was  about  120  galls,  per  foot  per  hour.  The  time  occupied  in 
cleaning  was  about  7  or  8  minutes  for  each  filter  every  10  or  12  hours. 

When  filters  capable  of  dealing  readily  with  muddy  water  are  used, 
settling  tanks  can  advantageously  be  dispened  with. 

The  usual  rate  of  filtering  through  ordinary  sand  filters  is  about  3 
galls,  per  foot  per  hour,  the  filters  being  cleaned  every  3  weeks.  By 
cleaning  every  12  hours  a  very  high  rate  of  filtration  is  possible,  the 
maximum  being  maintained. 


Rensselaer     \ 
^^,Polytechnic^^% 


%^^o, 


Institute^ 

Troy,  N.Y. 

Local  ezaminationB  provided  for.  Send  for  a  Catalogue 


Louisville  Cement. 


The  nndersigned  is  General  Agent  for  the  following  Standard  Brands  of 
Louisville  Cement : 

FALLiS  AIIL.L.S  (J.  Halme  Brand), 

BliACK  DIAMOND  DIlliLiS  (River),  Diamond  Brand, 
SPEED  MILLS,  Star  Brand, 

FALLS  CITY  MILLS,  Anchor  Brand, 

BLACK.  DIAMOND  MILLS  (Railroad),  Diamond  Brand. 


This  Cement  has  been  in  general  use  throughout  the  West  and  South 
since  1830,  most  of  the  public  works  having  been  constructed  with  it.  Orders 
for  shipment  to  any  part  of  the  country,  by  rail  or  water,  will  receive  prompt 
and  careful  attention. 

Sales  for  lSd3,  S,14S,568  Barrels. 

WESTERN     CEMENT     COMPANY, 

247  W.  Main  St.,  Louisville,  Ky. 


The  Weber  Railway  Joint  Mfg.  Co. 


EMPIRE      BUILDING, 
71   BROADWAY,  NEW  YORK 

branches: 

BOSTON,   Mason   Bldg. 
CHICAGO,  OLD  Colony  Slog. 

Baltimore,  equitable  bldg. 


J 


Manufacturers  of 


**T"  STEP  and  INSULATED 

OINTS. 


Pacific  Flush  Tank  Co. 

84  LA  SALLE  STREET,  CHICAGO,  ILL., 

MANUFACTURERS    OF  THE 

flOJtler   H^tomatic   gipbon, 

FOR  INTERMITTENT  FLUSH  TANKS. 


Used  for  Flushing  Street-Sewers. 

NO  MOVING  PARTS.      NO  JOINTS.      NO  LITTLE  TRAPS. 

RECEIVED  THE  HIGHEST  AWARD  IN  ITS  CLASS  AT  THE  WORLD'S 
COLUMBIAN  EXPOSITION  FOR 

Simplicity  of  Construction,  Effectiveness  and  Reliability. 

Salt  Lake  City,  Utah,  December  14,  1897. 
******  Flushing  with  the  hose  is  not  satisfactorj'  for  the  reason 
that  it  is  expensive,  and  owing  to  the  time  it  takes  to  get  over  the  system  the  laterals  are 
not  flushed  often  enough  to  keep  them  clean.  The  laterals  flushed  by  siphons  are  in  much 
better  condition  than  those  flushed  with  the  hose.  The  Miller  Automatic  Siphons  that 
we  have  put  in  are  giving  entire  satisfaction,  and  in  my  opinion  they  are  the  most  efficient 
siphons  in  use.  (Signed)  ¥.  C  'KKL^KY,  City  Engineer. 

EACH  SIPHON  GUARANTEED   ABSOLUTELY. 


Send  foe  Illustrated  Catalogue. 


Ill 

-«ENaiNEERS,9^ 

ADDRESS    THE    WORKS    DIRECT, 

JOHN  STREET,  WEST  NEW  BRIGHTON,  STATEN  ISLAND,  N.  Y. 

(ESTABLISHED     1872), 

Make  a  specialty  of  Machinery  for  the  rapid  and  economical  handling  of  heavy  or 
bulky  materials,  as  well  as  Plans  for  Storage  Buildings  and  Wharves. 

ENGINEERS  ARE  REQUESTED  TO  SEND  FOR  OUR  CATALOGUES. 
"Coal-Handling  Machinery,"  "Cable  Railways  for  Freight," 

"Conveyors"  Gravity  Bucket,  "Manilla  Rope"  Transmission, 

"Industrial  Railways."  "Coal  Handling  in  Power  Plants." 

EXTENT  OF  Asphalt  Pavements 

IN  THE  UNITED  STATES  AND  CANADA. 

Trinidad  Lake  Asphalt  Pavement,  21,527,415  square  yards,  or  90% 
Other  kinds  Asphalt  Pavement,        2,307,064  square  yards,  or  10% 


ofthlTRINIdad  lake  asphalt  pavement 

10,000,000  square  yards,  or  nearly  50%, 

WAS  LAID  BY 

TH[  BiBBfB  iSPmiT  mm  COMPANY. 

This  is  equal  to  about  650  miles  of  Roadway,  26  feet  wide. 

The  Asphalt  used  by  this  Company  is  from  the  famous 
Pitch  Lake  in  the  Island  of  Trinidad,  B.  W.  I. 

J^^Plans  and  Estimates  Furnished  on  Application. 

GENEBAIi  OFFICES  : 

LE  DROIT  BUILDING,     ■        ■       -     WASHINGTON,  D.  C. 

BOWLING  GREEN  BUILDING.  No.  U  Broadway,  New  York. 

F.  V.  GREENE,  President. 

SUPERIOR  GRAPHITE   PAINT 

For  BRIDGES,  A  STRUCTURAL 

ROOFS,    .         ^         IRON,    .... 

And  all  Exposed  Metal  or  Wood  Surfaces. 


^"llt!txts^^"'^r&         Detroit  Graphite  Mfg.  Co., 

'^tJS!\  ^r'^  ":  DETROIT.  MICH. 
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■VEinSTTTTm     IMIETEIiS 


FOR    WATER     MAINS. 


Measurements  by  these  meters  are  as  accurate  as  any  that  can  be  made.    The  loss 
of  head  is  trifling. 

Meters  for  laboratories  of  Schools  and  Colleges. 

BUILDERS  IRON  FOUNDRY,  Providence,  R.  I. 

A.  J.    SNYDER   &   SONS, 

"CR[mNr<;BI)illDROS[IIDIll[C[M[|IT 

Especially  manufactured  for 

requiring  a  high  grade  testing  cement.    Over  30,000  barrels  were  used  on 
the  new  dams  for  the  Crotou  Aqueduct,  and  not  one  barrel  was  rejected. 

^."fjssr   HENRY  R.  BRIGHAM,  General  Agent, 

35  STONE  STREET,  NEW  YORK  CITY. 

Otis  Elevator  Company. 

HYDRAULIC, 

ELECTRIC  AND 

STEAM  ELEVATORS 

For  Passengers  and  Freight. 


NEW   YORK,  BOSTON, 

CHICAGO,  PITTSBURG, 

PHILADELPHIA,  SAN  FRANCISCO. 


ALCATRAZ    ASPHALT 

Guaranteed  free  from  Coal  Tar  or  Petroleum  Residuum, 

^^^'^  Reservoir  Linings 

and  Pipe  Coatings. 


The    AlcatraZ    Co.,  Sao  Francisco,  Cal. 
General  Eastern  Office,  3  West  29th  St.,  New  York. 


ATLANTICGULF  AND  PACIFIC  CO. 


Hydraulic  Dredge  discharging  through  5,700  It.  01  pipe. 
ENGINEERS  AND   CONTRACTORS 

W.CATT.M.Am.  Soc.  C.E.,  Pres.A  Eng.  U.S.  WnOD,  C.E.,  Sec.  &  Treas.  H.KRUSI,  C.E.,Pac.Coast  Man.  R.A.PERRY,  Supt. 

SPECIALTIES:  Dredging,  Dredging  Machines,  Land  Reclamation,  Docks,  Piers,  Kouudations, 
Bridges.    Correspondence  solicited. 
MAIN  OFFICE:  PARK  ROW  BUILDING,   NEW  YORK. 
PACIFIC  COAST  OFFICE;  220  MARKET  ST.,  SAN   FRANCISCO,  CAL. 


WEST  PASCAGOULA  CREOSOTE  WORKS, 

WEST  PASCAGOULA,  MISS. 
Situated  on  Pascagoula  Bay  and  on  tlie  line  of  tiie  Louisville  and  Nashville  Railroad. 

These  works  have  been  in  operation  for  more  than  twenty  years,  were  recently 
entirely  rebuilt  and  enlarged,  and  are  now  prepared  to  execute  all  orders  for  creosoted 
piles  and  timber  thoroughly  impregnated  with  dead  oil  of  coal  tar. 

New  cylinders  115  feet  long.     Capacity,  one  million  feet  per  month. 

Address  S.   W.    LABROT, 

SupT.  West  Pascagoula  Creosote  Works, 

West  Pascagoula,  Miss. 
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Q  &  W  Tie  Plate 

ALTHOUGH  SOMETHING  NEW, 

Has    a    Record,    from    the   fact   that    it   is    a 
combination  of  the 

SERVIS    AND  .    i 

WOLHAUPTER  ^"   - 
PLATES W^W^r- 

CHICAGO  : 

700=712  Western  Union  Building. 
NEW  YORK: 

106  Liberty  Street. 
SAN  FRANCISCO: 

537  Mission  Street. 

Connecting  Branch  Sleeve 

—  Tapping  Apparatus 

For  making  Large  Connections  without 

Sliutting  Off  Water  or  Reducing  Pressure. 

This  is  no  experiment,  but  has  been  used 
by  the  Water  Departments  of  numerou& 
cities  for  years  with  entire  success.     Con- 
nections from  2  to  24  ins.  have  been  made  with  mains  from  4  to 
48  ins.     For  full  information,  address 

THE  A.  P.  SMITH    MFG.  CO.,  921  Prudential  Building.  Newark.  N.  J. 


The  Evening  Post  Job  Printing  House, 

FULTON   STREET,  CORNER   BROADWAY, 
NEW  YORK. 


PRINTERS    OF    PERIODICALS. 
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ESTABLISHED  1872. 


F.  E.  BRANDIS  SONS  &  CO. 


MANTJFAOTTTEEES   OF 


Engineers'  and  Surveyors'  Instruments, 

814    GATES    AVENUE, 
BROOKLYN,      NEW     YORK. 


Catalogues  mailed  on  application. 


Rock  Drilling  and  Air  Compressing 
For  TUNNELS,  QUARRIES,  MINES,  RAILROADS, 

And  wherever  ORE  and  ROCK  are  to  be  DRIL.IiE:D  and  BLASTED. 


«^8END  FOE  NEW  CATALOGUE. 


RAND  DRILL  CO.,  100  Broadway,  New  York,  U,  S.  A. 

BKABOHOimoEB:  1328  MonadnockBlk., Chicago,  ni.;  Ishpeming, Mich. ;  1361  Eighteenth 
Street,  Denver,  Colo. ;  Sherbrooke,  Quebec,  Canada ;  Apartado  830,  Mexico  City. 

Eppinger  &  Russell  Co., 

CREOSOTING  ^A^ORKS, 

Dead  Oil  of  Coal  Tar  Process. 


Piles  and  Timber  treated  with  the  above  Oil  for  all  purposes, 
when  preservation   is  desired. 

Introduced  in  England  by  Mr.  Bethel  in  1838.  DEAD  OIL.  OF  COAL  TAR  Ib  the 
only  known  product  of  commercial  application  that  wUl  preserve  TIMBER  FROM 
DECAY,  LAND  AND  MARINE  INSECTS. 

Our  Mr.  Valentine  has  had  practical  experience  since  1872,  and  we  have  specimens  o( 
Piles  and  Timber  treated  by  him  in  1874,  which  are  in  use  to-day  and  are  in  a  perfect  state  of 
preservation.  "We  have  the  largest  and  best  equipped  plant  in  the  vrorld. 
Cylinders  100  ft.  long,  capacity  1,500,000  ft.  per  month. 

Direct  Water  and  Rail  Communications. 

MANTIFACTUKEBS   OF   THE 

Valentine  Electrical  Subway  Conduit. 

OFFICES: 

j>/LCD:R:Rxe  BXJiLiDiisr  a-, 

66  BROAD  ST.,  NEW  YORK. 


WORKS: 

Foot  First  Street  and  Newtown  Creek, 

LONG  ISLAND  CITY. 


SEND  FOR  OIROULABS  AND  PRICES, 
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THE    F.  O.  NORTON    COMPANY, 


— MANUFACTURER   OP — 


92    BROADWAY,   NEW  YORK. 


Particularly  adapted  for  work  under  water,  for  which  use  it  is 
superior  to  the  best  Portland  Cement,  when  used  i  to  i. 

Certificates  of  tests  and  reports  on  actual  use  in  important  public 
works  furnished  on  application. 


y^ti?^  ^^^    LEADING 

^^^^^k  Architects,  Engineers  and  Bnilders 

lpM^^:ug||iy81  SPECIFY  AND  USB 

W'.^ZW   BROOKLYN    BRIDGE    BRAND 

^"">nSW  YORK.^y 

^^^S^  ROSENDALE   HYDRAULIC   CEMENT. 

(     PARK  ROW  OFFICE   BUILDING— 30  STORIES. 
USED  EXCLUSIVELY  ON  j     WALDORF-ASTORIA  HOTEL— LARGEST  IN  THE  WORLD. 

HAVE  SUPPLIED  FOR  NEW  YORK  CROTON  AQUEDUCT,  IN  1897  AND  1898,  165,000  BARRELS. 


^^Ly^3  Portland  Cement 

IS  THE  STANDARD 
AMERICAN    PORTLAND. 

The  U.  S»  Government  gives  it  preference  over  all  other  brands. 

ATLAS  PORTLAND  CEMENT  CO., 
J43  LBERTY  STREET,  NEW  YORK  CITY. 


IRONCLAD  PORTLAND  CEMENT 

Manufactured  by  Glens  Falls  Portland  Cement  Co. 

SoU  Selling:  Agent,  Commercial  Wood  &  Cement  Co., 

156   FIFTH   AVENUE,   NEW  YORK 


High-grade  American 
PORTLAND  CEMENT 

unsurpassed  for  making 

Fine  Artificial  Stone. 


IX 


CONTINUOUS  RAIL  JOINT  C0MPANYJFMB1£L 


908=911  Lawyer's  Building, 

NEWARK,  N.  J. 

Millions  in  use  on 
123  Railroads. 

Fewest  parts  possi- 

!.  Provides  for  the 

increased 

I  tonnage  up 

to  date. 


BEST    ECONOMICAL    RESULTS. 


GIANT  PORTLAND,  manufactured  by 

EGYPT  PORTLAND,  AMERICAN  CEMENT  CO.,  Egypt,  Pa., 

IMPROVED  UNION,  LESLEY  &  TRINKLE.  Sales  Agents, 

AND  UNION  CEMENTS.  22  &  24  South  15th  St.,    Philadelphia 


Trident 

Disk  Water  Meter, 


Resilient  or  Retroactive  Frost  Bottom. 

"  SECOND  TO  NONE"  in  form,  material, 
■.construction,  capacity,  initial  accuracy  and 
|j  sensibility. 

SUPERIOR  TO  ALLinconvenience,  in  so- 
lidity of  parts,  in  design,  in  maintained  ac- 

■i,r  I-,— =i==i  «Mj»  curacy,  and  in  immunity  from  stoppages. 

'■Ir^  ( rif  '^"^ 

MAY  BE  RUN  HARD  AND  LONG  without  smashing,  and  be  frozen  partially  or 
entirely  solid  without  damage  to  the  meter  or  expense  to  the  o\\'ner. 

FULLY   ATTESTED,  by  most  competent  authorities,  as  being  "beyond  competi- 
tion in  low  cost  of  maintenance." 

Illustrated  Catalogue,  giving  full  details,  mailed  to  any  applicant. 

NEPTUNE     METER     COMPANY, 

253     BROADWAY, 


DESIGNED   BY   JOHN   THOMSON. 


NEW  YORK  CITY. 


FAIRBANKS' 

Patent  Auto/viatic 
Cement  Testing  Machines 


Descriptive  Circular  of  Hachines  and  Appliances,  with  Prices, 
Forwarded  on  Application. 


The   Fairbanks  Company, 

311  BROADWAY,  NEW  YORK. 

ALBANY,  N.  Y.;     BALTIMORE,  Hd.;     BUFFALO,  N.  Y.; 

BOSTON,  Mass.;    PHILADELPHIA,   Pa.;   PITTSBURG,  Pa.;    NEW  ORLEANS,    La. 

MONTREAL,  Que.;    LONDON,  England. 
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Architects  and  Builders, 

When  making  Contracts,  should  remember  that 

12,000,000  Barrels 

"HOFFMAN" 

CEMENT 

Have  been  used  on  important  works  throughout  the  United  States. 

No  OTHER  Cement  Company  can  show  such  a  Record. 

Lawrence  Cement  Co. 

Sales  Office,  No.   i   Broadway,  New  York. 


LABORATORIES  OF  Dr.  CHAS.  F.  Mr.yF.NNa  22.  pearl  st..  new  york. 

Successor  to  Dr.  GIDEON  E.  MOORE. 

DEPARTMENT  OF  CHEMISTRY.  Analyses  and  Assays  of  Ores.  Metals,  Waters  and  Natural 
and  Industrial  Products  of  every  description. 

DEPARTMENT  OF  PHYSICAL  TESTS.  Tensile,  Transverse  and  Compression  Tests  of  Iron,  Steel 
and  other  Metals  and  Alloys,  Cements,  Building  Stones  and  Engineering  Materials  generally. 

EST.A.BLISHED    1856. 


Warren  Foundry  and  Machine  Co. 

WORKS  AT  PHUiLIPSBURG.  NEW  JERSEY. 

SALES  OFFICE:   160  BROADWAY,    NEW  YORK. 


CAST-IRON,  WATER  AND  GAS  PIPE, 

FBOM  3  TO  48   INOHEB  DiAMBTER. 

Also  all  sizes  of  F1.A1V0£:D   PIPK  and  SPKCIAL.  CASTINGS. 
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PROOEEDIE^GS 


or   THE 

AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS. 
Select  Advebtisements  will  be  Received  at  the  followino  Rates: 


One  Page 

One-half  Page 

One-quarter  Page 

One-twelfth  Page,  Card 


One  Yeab. 
10  inbebtions. 


$170  00 
90  00 
50  00 
20  00 


6  Imsebtionb. 


$95  00 
55  00 
30  00 


3   IMSEBTIONB. 


$60   00 

35  00 
20  00 


Address  the  Secretary  of  the  Society,  220  West  57th  Street,  New  York. 
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REPORT  IN  FULL  OF  THE  BUSINESS  MEETING  HELD  DURING 

THE    THIRTY-SECOND    ANNUAL    CONVENTION,    AT 

LONDON,  ENGLAND,  DURING   THE  FIRST 

WEEK  IN  JULY,  1900. 

Thursday,  July  5th,  1900. — J.  F.  Wallace,  President,  in  tbe  cliair;    Meeting 
Chas.  Warren  Hunt,  Secretary.  Convened. 

The  Pkesident. — Gentlemen,  this  is  the  regular  Business  Meeting 
of  the  American  Society  of  Civil  Engineers,  as  provided  for  in  our 
Constitution.  The  first  order  of  business  before  us  is  the  reading  of 
the  minutes  of  the  Society  of  June  6th,  1900,  unless  the  members  desire 
the  minutes  to  be  taken  as  read. 

The  minutes  were  taken  as  read  and  confirmed. 

The  Pkesident. — We  have  some  important  business  before  us,  which 
must  be  transacted.     Parliamentary  rules,  constitutions,  by-laws,  etc.. 
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Election  of  are  devised  for  the  expedition  and  the  proper  transaction  of  the  business 
Committee,  of  associations,  biit  sometimes  it  is  necessary  to  violate  the  rules  and 
regulations,  or  to  put  constructions  on  them  which  may  not  be  strictly 
technical,  in  order  to  j^revent  the  very  machinery  that  you  have 
adopted  for  carrying  on  your  business  from  interfering  with  the  carry- 
ing out  of  that  business.  Our  Constitution  provides  that  at  these 
business  meetings  thirty  members  shall  constitute  a  quorum.  There 
are  not  thirty  members  actually  in  this  room,  but  there  are  a  great 
many  more  than  thirty  members  present  at  this  Convention.  There- 
foi-e,  if  there  is  no  objection,  we  will  count  as  present  at  this  meeting 
the  members  who  are  registered  in  this  building  as  being  in  attend- 
ance. We  must  transact  the  business  before  us,  or  the  machinery  of 
the  Society  will  be  clogged  for  the  next  twelve  months. 
The  suspension  of  the  By-Laws  was  agreed  to. 

The  Secretary  read  his  report  on  the  result  of  the  interrogatory 
circular,  as  follows: 

NOMINATIONS    RECEIVED    FOR    MEMBERSHIP    ON    THE 
NOMINATING  COMMITTEE. 

"I  have  the  honor  to  report  the  result  of  the  interrogatory  circular 
sent  to  all  members  of  the  Society  in  order  to  give  an  opi^ortunity  foi- 
each  to  express  his  preference  for  the  representative  of  his  District  on 
the  Nominating  Committee  to  be  elected  at  this  meeting. 

"  District  No.  1. — Total  number  of  votes  received,  72,  as  follows: 

N.  P.  Lewis,  Brboklvn,  N.  Y 32 

E.  S.  Buck,  New  York  City 21 

Edward  P.  North,  New  York  City 3 

L.  L.  Buck,  New  York  City 2 

William  H.  Burr,  New  York  Oitv 2 

Ira  A.  Shaler,  New  York  City .  .\ 2 

William  Henry  Baldwin,  Yonkers,  N.  Y 1 

Theodore  Cooper,  New  York  City 1 

O.  F.  Nichols,  Brooklvn,  N.  Y 1 

H.  G.  Prout,  New  York  City 1 

John  Thomson,  New  York  City 1 

William  J.  Wilgus,  New  York  City 1 

Francis  D.  Fisher,  Cornwall,  Ont.,  Canada 1 

Henry  Goldmark,  Detroit,  Mich 1 

Chas.  Warren  Hunt,  New  York  Citv 1 

A.  W.  Trotter,  New  York  City ? .  .       1 

"  The  last  four  gentlemen  are  ineligible  for  election  on  the  Nomi- 
nating Committee,  under  the  Constitution. 

"  District  No.  2. — Total  number  of  votes  received,  55,  as  follows: 

Fayette  S.  Curtis,  Boston,  Mass 30 

Frederic  P.  Stearns,  Boston,  Mass 9 

Alexis  H.  French,  Brookline,  Mass 2 

S.  E.  Tinkham,  Boston,  Mass 2 

Dexter  Brackett,  Boston,  Mass 1 

A.  B.  Drake,  New  Bedford,  Mass 1 

Richard  A.  Hale,  Lawrence,  Mass 1 

William  H.  Moore,  New  Haven,  Conn 1 
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George  S.  Rice,  Boston,  Mass 1 

J.  P.  Snow,  Boston,  Mass 1 

C  B.  Vorce,  Hartford,  Conn 1 

Desmond  FitzGerald,  Boston,  Mass 1 

George  B.  Francis,  Providence,  R.  I 4 

"  The  last  two  gentlemen  are  ineligible  for  election  on  the  Nom- 
inating Committee,  under  the  Constitution. 

"  Bisfricf  N^o.  3. — Total  number  of  votes  received,  16,  as  follows: 

E.  B.  Guthrie,  Bufifalo,  N.  Y 2 

William  A.  Haven,  Buffalo,  N.  Y 2 

Emil  Kuichling,  Rochester,  N.  Y 2 

H.  Andrews,  Albany,  N.  Y 1 

Edwin  A.  Fisher,  Rochester,  N.  Y 1 

Charles  C.  Hopkins,  Rome,  N.  Y 1 

William  E.  Hoyt,  Rochester,  N.  Y 1 

J.  M.  Shanh',  Joliette,  Quebec,  Canada 1 

J.  Nelson  Tubbs,  Rochester,  N.  Y 1 

T.  McC.  Leutze,  Albanv,  N.  Y 2 

Palmer  C.  Ricketts,  Troy,  N.  Y 2 

"  The  last  two  gentlemen  are  ineligible  for  election  on  the  Nomi- 
nating Committee,  under  the  Constitution. 

"  District  No.  4. — Total  number  of  votes  received,  17,  as  follows: 

L.  Y.  Schermerhorn,  Philadelphia,  Pa 4 

A.  Bonzano,  Philadelphia,  Pa 1 

James  Christie,  Philadelphia,  Pa 1 

Mendes  Cohen,  Baltimore,  Md 1 

Bernard  R.  Green,  Washington,  D.  C. 1 

Henry  R.  Leonard,  Philadelphia,  Pa 1 

James  K.  Lyons,  Pittsburg,  Pa 1 

Edgar  Marburg,  Philadeli^hia,  Pa 1 

David  E.   McComb,  Washington,  D.  C 1 

William  A.  Pratt,  Wilmington,  Del 1 

Edwin  F.  Smith,  Philadelphia,  Pa 1 

Emil  Swensson,  Pittsburg,  Pa 1 

William  R.  Webster,  Philadelphia,  Pa 1 

Joseph  M.  Wilson,  Philadelphia,  Pa 1 

"  District  No.  5. — Total  number  of  votes  received,  29,  as  follows: 

Charles  L.  Strobel,  Chicago,  111 10 

Onward  Bates,  Chicago,  111 3 

Ira  O.  Baker,  Champaign,  111 2 

George  H.  Benzenberg,  Milwaukee,  Wis 2 

William  H.   Searles,  Cleveland,  Ohio 2 

Lyman  E.  Cooley,  Chicago,  111 1 

Charles  E.  Greene,  Ann  Arbor,  Mich 1 

E.  A.  Handy,  Cleveland,  Ohio 1 

William  H.  Hughes,  Chicago,  111 1 

Robert  W.  Hunt,  Chicago,  111 1 

J.  B.  Johnson,  Madison,  Wis 1 

George  A.  Marr,  Houghton,  Mich 1 

E.  H.  McHenry,  St.  Paul,  Minn 1 

J.  W.  Schaub,  Chicago,  111 1 

C.  A.  Wilson,  Cincinnati,  Ohio 1 

"  District  No.  6. — Total  number  of  votes  received,  33,  as  follows: 

J.  M.  Johnson,  Loviisville,  Ky 11 

Sydney  F.  Lewis,  New  Orleans,  La 2 
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Election  of  William  Starling,  New  Orleans,  La 2 

CoSSfttel  Channing  M.  Bolton,  Charlottesville,  Va 1 

(continued).  Charles  S.  Churchill,  Roanoke,  Va 1 

William  H.  Courtenay,  Louisville,  Kv 1 

B.  L.  Crosbv,  St.  Joseph,  Mo ". 1 

William  J.  Hardee,  New  Orleans,  La 1 

J.  F.  Hinckley,  St.  Louis,  Mo 1 

M.  L.  Holman,  St.  Louis,  Mo 1 

W.  B.  W.  Howe,  Spartanburg,  S.  C 1 

Wynkoop  Kiersted,  Kansas  City,  Mo 1 

Hunter  McDonald,  Nashville,  Tenn 1 

R.  E.  McMath,  St.  Louis,  Mo 1 

E.   T.  D.  Myers,  Richmond,  Va 1 

A.  M.  Scott,  Charleston,  W.  Va 1 

R.  L.  Van  Sant.  St.  Louis,  Mo 1 

J.  A.  L.  Waddell,  Kansas  City,  Mo 1 

W.  B.  Wright,  New  Orleans,  La 1 

Robert  Moore,  St.  Louis,  Mo 1 

J.  A.  Ockerson,  St.  Louis,  Mo 1 

"  The  last  two  gentlemen  are  ineligible  for  election  on  the  Nomi- 
nating Committee,  under  the  Constitution. 

"  District  iVo.  7. — Total  number  of  votes  received,  22,  as  follows: 
A.   S.  Riffle,  San  Francisco,  Cal 3 

A.  J.  Tullock,  Leavenworth,  Kans 3 

C.  E.  Grunsky,  San  Francisco,  Cal 2 

George  H.  Mendell,  San  Francisco,  Cal 2 

Francis  W.  Blackford,  Butte,  Mont 1 

William  G.  Curtis,  San  Francisco,  Cal 1 

E.  B.  Gushing,  Houston,  Tex 1 

J.  Herron,  Telluride,  Colo 1 

W.  H.  Kennedy,  Portland,  Ore 1 

C.  D.  Marx,  Palo  Alto,  Cal 1 

George  T.  Prince,  Omaha,  Neb 1 

H.  C.  Ripley,  Galveston,  Tex 1 

D.  W.  Ross,  Boise,  Idaho 1 

B.  S.  Wathen,  Dallas,  Tex 1 

George  A.  Quinlan,  Houston,  Tex 1 

Hiram  N.  Savage,  National  City,  Cal 1 

"  The  last  two  gentlemen  are  ineligible  for  election  on  the  Nomi- 
.  nating  Committee,  under  the  Constitution. 

"Respectfully  submitted, 

"  Chas.  W^akken  Hunt, 
New  Yokk,  "  Secretary.'" 

June  13th,  1900. 

The  Seceetaky. — The  first  names  on  the  list  for  District  No.  1  are 
those  of  Mr.  N.  P.  Lewis  and  Mr.  R.  S.  Buck,  Mr.  Lewis  having  32 
votes  and  Mr.  Buck  21. 

The  President.— Mr.  Lewis  and  Mr.  Buck  have  the  two  highest 
numbers  of  votes,  and  I  should  be  glad  to  have  a  motion  on  the  sub- 
ject. 

J.  A.  Ockerson,  M.  Am.  Soc.  C.  E.— I  move  that  Mr.  N.  P.  Lewis- 
be  elected  for  the  First  District. 
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The  motion  was  seconded,  wliicli  was  agreed  to,  19  voting  for  and 
none  against. 

The  President. — In  District  No.  2  Mr.  Curtis,  of  Boston,  has  30 
votes,  which  is  the  highest  number. 

Henky  Manley,  M.  Am.  Soc.  C.  E. — Mr.  Curtis  is  a  representative 
of  the  New  York  &  New  Haven  Railroad,  and  Mr.  Francis,  the  present 
meijiber  of  the  Nominating  Committee,  is  also  an  employee,  in  an 
indirect  way,  of  that  road.  We  in  Boston  had  an  idea  that  that  would 
be  a  little  too  much  of  New  York  &  New  Haven  on  that  committee,  and 
we  have  voted  for  Mr.  Stearns.  I,  therefore,  move  that  Mr.  Frederic 
P.  Stearns  be  elected  member  of  the  Committee  from  District  No.  2. 

The  Peesident. — I  think  that,  owing  to  the  fact  that  Mr.  Ourtig 
received  such  a  large  number  of  votes,  both  these  names  ought  to 
come  before  the  meeting,  and,  therefore,  I  will  put  Mr.  Curtis'  name 
first. 

On  Mr.  Curtis'  name  being  put,  8  voted  for. 

On  Mr.  Stearns'  name  being  put  to  the  meeting,  12  voted  for. 

The  Peesident. — Mr.  Stearns  is  elected  a  member  of  the  Nominat- 
ing Committee  for  District  No.  2. 

The  President. — For  District  No.  3  there  are  three  names  that  have 
received  the  highest  number  in  the  ballot,  and  I  think  we  should  con- 
fine the  names  to  one  of  those  three. 

C.  E.  Goad,  M.  Am.  Soc.  C.  E. — Will  it  be  in  order  for  me  to  pro- 
jjose  Mr.  Guthrie? 

The  Peesident. — Yes. 

The  motion  for  the  election  of  Mr.  E.  B.  Guthrie  was  put,  and 
carried  unanimously. 

The  President. — In  District  No.  4  Mr.  Schermerhorn,  of  Philadel- 
phia, has  the  highest  number  of  informal  votes. 

A  Member. — I  beg  to  move  the  election  of  Mr.  Edgar  Marburg  as 
member  of  the  Nominating  Committee. 

The  motion  was  seconded. 

The  President. — As  the  ballot  is  simply  informal,  it  seems  to  me 
that  Mr.  Marburg,  who  has  attended  our  Convention,  and  takes  a  great 
interest  in  the  Society's  welfare,  is  the  proper  man  to  be  elected. 

Mr.  E.  Marburg  was  unanimously  elected. 

The  President. — In  District  No.  5  the  gentlemen  receiving  the 
highest  number  of  votes  are  Mr.  C.  L.  Strobel  and  Mr.  Bates,  of 
Chicago. 

A  Member  — I  move  that  the  informal  ballot  for  Mr.  Strobel  be 
confirmed. 

The  President. — We  cannot  do  that,  but  we  can  entertain  a  motion 
for  his  election. 

A  Member. — Then  I  will  nominate  for  election  Mr.  Charles  L. 
Strobel. 
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Election  of  Mr.  Strobel  was  unanimously  elected. 

Nominating  -.r       -v  t  ■  -,    ■, 

Committee         Mr.  (JCKERSON. — 1  am  instructed  by  my  associates  m  St.  Louis  to 
(con  inuec  .  jjQjjjjjja^g  -^j.   Edward  Flad  to  rejjresent  District  No.  6. 

The  President. — There  are  11  votes  in  favor  of  Mr.  Johnson.  Of 
course,  this  is  entirely  informal,  but  on  account  of  the  number  of 
votes  in  favor  of  Mr.  Johnson  I  feel  it  my  duty  to  put  the  names  of  Mr. 
Johnson  and  Mr.  Flad  both  before  you.  I  will,  therefore,  put  the 
name  of  Mr.  Johnson  first. 

There  being  no  votes  in  favor  of  Mr.  Johnson,  the  President  put 
the  name  of  Mr.  Flad,  and  he  was  unanimously  elected. 

A  Member. — I  will  move  the  nomination  of  Mr.  A.  J.  Tullock  to 
represent  District  No.  7. 

The  motion  was  seconded,  and  carried  unanimously. 

The  President. — We  would  like  to  know  how  many  Corporate 
Members  entitled  to  vote  there  are  in  this  room,  simjjly  for  the  pur- 
pose of  our  records. 

A  show  of  hands  was  taken  of  the  Members  and  Associate  Mem- 
bers, and  it  was  found  there  were  just  thirty  present. 

The  President. — I  have  the  pleasure  to  announce  that  I  will  take 
back  the  remarks  I  made  at  the  first  part  of  the  meeting,  as  there  is  a 
quorum  now  present. 

The  Secretary  read  the  following  report  of  the  ballot  for  sugges- 
tions as  to  the  Time  and  Place  of  the  Annual  Convention  of  1901: 

VOTES  RECEIVED  IN  REGARD  TO  TIME  AND  PLACE  FOR 
HOLDING  THE  ANNUAL  CONVENTION  OF  1901. 

Time  and  "  I  have  the  honor  to  report  the  resvilt  of  the  letter-ballot  asking 

^onventiou  *  ^^^  suggestions  as  to  the  time  and  place  for  holding  the  Thirty-third 
Annual  Convention  of  the  American  Society  of  Civil  Engineers. 

"  The  total  number  of  ballots  i-eceived  was  180,  the  result  being  as 
follows: 

' '  For  Place  for  holding  Convention : 

Bufifalo,  N.  Y 42      Denver,  Colo 4 

Chicago,  111 10      Niagara  Falls,  N.  Y 4 

Cleveland,  Ohio 10      Pittsburg,  Pa 4 

New  York  City  and  vicinity 9      Atlantic  City,  N.  J 3 

Boston,  Mass 8      Cincinnati,  Ohio 3 

St.  Louis,  Mo 7      Mackinac  Island 3 

Washington,  D.  C 7      Steamer   between    Buff'alo   and 

Duluth,  Minn 5  Duluth 3 

New  Orleans,  La 5      Vicinity  of  Lake  Champlain  ...   3 

"  Eleven  i^laces  received  two  votes  each,  as  follows: 
Asheville,  N.  C.  Philadelphia,  Pa. 

Bar  Harbor,  Me.  Richmond,  Va. 

Detroit,  Mich.  St.  Paul,  Minn. 

Mexico.  Salt  Lake  City,  Utah. 

Old  Point  Comfort,  Va.  Saratoga,  N.  Y. 

Sault  Ste.  Marie,  Mich. 
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"  Tweuty-eiglit  places  received  one  vote  each,  as  follows: 
Alexandria  Bay,  N.  Y.  Maine  Woods. 

Albany,  N.  Y.  Milwaukee,  Wis. 

Baltimore,  Md.  Narragansett,  B.  I. 

Birmingliam,  Ala.  Newport,  B.  I. 

Chautauqua,  N.  Y.  Omaha,  Neli. 

Colorado  Springs,  Colo.  Porto  Bico. 

Gulf  of  Mexico  (some  point  on).        Han  Francisco,  Cal. 
Halifax,  Canada.  Savannah,  Ga. 

Hotel   Wentworth,    New    Castle,      Seattle,  Wash. 

N.  H.  Tampa,  Fla. 

Hot  Springs,  New  Mexico.  Thousand  Islands,  N.  Y. 

Jacksonville,  Fla.  Toronto,  Canada. 

Long  Branch,  N.  J.  United  States. 

Los  Angeles,  Cal.  White  Mountains,  N.  H. 

Yellowstone  National  Park,  Wyo. 
"  The  vote  on  Time  for  holding  the  Convention,  omitting  sugges- 
tions as  to  particular  j^arts  of  months,  resulted  as  follows : 

4  suggest  the  month  of  February.  44  suggest  the  month  of  July. 

1  "  "  "   March.  9         "  "  "August. 

2  "             "            "   April.  8         "  "  "September. 
8         "             "            "   May.  2         "             "            "October. 
82       "             "             "   June. 

"Bespectfully  submitted, 

"  Chas.  Wakeen  Hunt, 

"  Secretary.''^ 
New  Yobk, 

June  13th,  1900. 

The  Pkesident. — This  report,  gentlemen,  is  for  your  information, 
but  I  understand  it  is  tisiially  the  province  of  the  Board  of  Direction 
to  actually  settle  the  i^lace  of  holding  the  Annual  Convention,  and  the 
appropriate  jn-ocedure  is,  to  move  that  this  matter  be  referred  to  the 
Board  of  Direction. 

Mr.  Ockerson  moved  that  the  matter  be  referred  to  the  Board  of 
Direction,  with  power  to  act.     (Carried.) 

Mr.  Ockekson. — In  that  connection,  I  have  received  this  morning  a 
communication  from  St.  Louis,  which  reads  as  follows: 

"■Resolved,  That  the  members  of  St.  Louis  present  at  the  Annual 
Convention  be  requested  to  notify  the  Society  that  we  hope  to  have  a 
World's  Fair  in  St.  Louis  in  1903,  and  desire,  in  that  case,  to  have  the 
American  Society  meet  there  on  that  date." 

I  move  that  the  matter  be  referred  to  the  Board  of  Direction, 
(Carried.) 

The  Secretary. — The  following  proposed  Amendments  to  the  Con-     Proposed 
stitution,  having  been  received  by  the  Secretary  under  the  provisions  of       to  the 
Article  9  of  the  Constitution,  were  sent  some  time  ago  to  each  member 
of  the  Society.     They  come  up  for  discussion  at  this  meeting,  and  this 
meeting  determines  whether  they  shall  be  voted  upon  by  the  Society 
with  or  without  amendment.     The  amendment  reads  as  follows: 


Constitution. 


( continued ) 


190  REPOKT   IX    FULL   OF  THE   BUSINESS   MEETING.        [Society 

Proposed  "Amend  Art.  VII,  as  follows: 

to  the  ''  Section  2.  Strike  out  this  section  and  substitute  the  following: 

P,°'i^f^i^.'J*'?°         "'  ^'  ^^  ^^®  x^nniial  Meeting  of  each  year,  seven  Corporate  Members, 
"""  '""""  '    not  officers  of  the  Society,  one  from  each  of  the  geographical  districts, 
shall  be  appointed  by  the  meeting  to  serve  for  two  years;  who,  with 
the  five  living  last  Past-Presidents  of  the  Society,  shall  be  a  committee 
to  nominate  officers  for  the  Society. 

"  The  Board  of  Direction  may  i^rescribe  the  mode  of  procedure  for 
appointing  this  Committee. 

"  The  Committee  so  appointed  shall  meet  at  the  Annual  Convention 
of  the  Society,  and  nominate  candidates  to  fill  the  offices,  named  in 
Article  V,  so  as  to  provide,  with  the  officers  holding  over,  a  Vice- 
President  and  six  Directors  residing  in  District  No.  1,  and  twelve 
Directors  divided  equally,  with  regard  to  number  and  residence, 
among  the  remaining  districts,  Nos.  2,  3,  4,  5,  6  and  7. 

"A  list  of  nominees  for  the  offices  to  be  tilled  at  the  next  Annual 
Election  shall  be  presented  by  the  Committee  to  the  Board  of  Direc- 
tion Avithin  ten  days  after  the  nominees  have  been  selected." 

Mr.  OcKEBSON. — In  order  to  bring  that  matter  before  the  Society 
I  move  that  the  amendment  be  ordered  to  be  considered  by  the 
Society.  The  object  of  the  amendment  was  to  meet  the  objection  that 
many  members  living  at  some  distance  from  New  York,  find  that,  under 
the  jn-esent  methods,  they  are  obliged  to  go  to  New  York,  at  a  con- 
siderable expense,  to  spend  fifteen  or  twenty  minutes  in  selecting 
officers  of  the  Society.  Yon  will  remember  that  at  our  last  Conven- 
tion someone  projaosed  that  the  Society  should  pay  the  expenses  of 
these  delegates.  I  hardly  think  that  many  members  would  favor  a 
movement  of  that  kind,  but  it  seems  to  me  altogether  proper  that  they 
should  favor  some  method  that  would  relieve  the  members  of  the  extra 
expenses  that  seem  to  many  of  tis  unnecessary.  The  member  for  St. 
Louis,  for  instance,  would  have  to  expend  at  least  iJlOO  in  money,  and 
perhaps  nearly  a  week  in  time,  to  meet  the  members  in  New  York  City, 
and  in  about  fifteen  minutes'  time  that  he  devoted  to  the  duty,  the 
officers  would  be  selected.  It  seems  to  me  that  if  that  could  be 
coupled  with  the  Annual  Convention,  it  would  relieve  many  of  the 
Western  members  of  that  extra  expense,  and  would  ensure  a  larger 
attendance  at  the  meetings  of  the  Nominating  Committee. 

The  Pkesident. — For  the  information  of  the  members  present,  I 
will  read  part  of  the  third  section  of  Article  9,  in  reference  to  the 
amendments. 

"Amendments  presented  to  the  Secretary  not  less  than  sixty  days 
previous  to  the  date  of  the  Annual  Convention  shall  be  sent  by  letter 
to  the  several  Corporate  Members^  of  the  Society  at  least  twenty-five 
days  previous  to  the  Annual  Convention.  Said  amendments  shall  be 
in  order  for  discussion  at  the  Business  Meeting  during  such  Anntial 
Convention,  and  may  be  amended  in  any  manner  jjertinent  to  the 
original  amendments  by  a  majority  vote  of  the  Business  Meeting 
during  the  Annual  Convention,  and,  if  so  amended,  shall  be  voted 
upon  by  letter-ballot  in  form  as  amended  by  said  Btisiness  Meeting;  if 
not  so  amended,   they  shall  be  voted  upon  by  letter-ballot  as  sub- 
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mitted.     The   vote   to   he   eoimted   at   the    tirst   regular   meeting   iu 
October." 

I  understand  that  this  section  of  Article  9  has  been  observed,  so 
far,  in  relation  to  this  proposed  amendment.  Have  you  any  further 
remarks  upon  it?  You  understand  that  the  question  is  simply  the 
submission  of  this  amendment  as  proposed  to  the  Corporate  Members 
of  this  Society  by  letter-ballot. 

On  the  motion  being  put,  it  was  carried;  28  voting  for. 

The  Pkesident. — It  is  unnecessary  to  take  a  negative  vote  as  there 
are  only  30  Corporate  Members  in  the  room. 

Mr.  OcKERSON. — I  beg  to  move — 

"That  the  American   Society  of   Civil  Engineers   in   Convention  Resolutions 
assembled,  sends  eordial  greeting  to  the  Societe  des  Itu/enieurs  Civil  de 
France,  and  expresses  its  hearty  thanks  for  the  warm  reception  accorded 
to  its  delegates  in  Paris." 

The  resolution  was  carried  unanimously. 

EuDOLPH  Heeing,  Vice-Presi^lent,  Am.  Soc.  C.  E. — I  beg  to  move 
that  the  President  appoint  a  Committee  to  draw  iip  an  appropriate 
resohition  of  thanks  to  the  Institution  of  Civil  Engineers,  and  the 
various  other  corporations  that  have  so  generously  and  liberally  enter- 
tained us  at  this  Convention. 

The  motion  was  seconded  and  carried  with  acclamation. 

The  President. — Before  proceeding  with  the  discussion  of  the  Remarks 
subjects  assigned  for  this  morning  at  the  close  of  the  Business  president. 
Meeting,  I  desire  to  make  a  few  remarks,  particularly  for  the  non- 
resident members,  and  not  only  for  those  who  are  actually  present 
with  us,  but  for  those  who  will  receive  the  proceedings  of  this  meeting. 
The  headquarters  of  our  Society,  as  you  all  know,  is  in  New  York  City. 
The  meetings  are  held  twice  each  month,  except  during  the  vacation 
months  of  the  year,  and  the  burden  of  the  business  of  the  Society 
naturally  falls  upon  the  resident  members.  Never  before,  during  my 
connection  with  the  Society,  have  I  so  thoroughly  realized  the  im- 
portance to  the  Society,  and  particularly  to  the  non-resident  members, 
of  the  fact  that  the  members  residing  in  the  City  of  New  York,  and  in 
the  immediate  vicinity,  give  their  time  and  their  best  thought  to  the 
proper  conduct  of  our  business.  The  non-resident  members  receive 
the  publications,  and  they  occasionally  visit  New  York,  and  attend 
some  of  the  meetings;  but  the  work  of  the  New  York  member's,  which 
is  gratuitous  and  generous  work,  is  something  I  do  not  think  one  non- 
resident member  in  a  hundred  thoroughly  understands  or  appreciates. 
I  would  particularly  call  attention  to  the  burdensome  duties  that 
rest  upon  our  Secretary,  and  to  the  faithfulness,  energy,  tact  and 
ability  which  he  devotes  to  carrying  on  that  work.     (Hear,  hear.) 

Another  matter  I  would  like  to  si)eak  to  you  about  is  in  connection 
with  our  jjublications.  For  two  years,  during  my  period  of  holding 
the  oflSce  of  Vice-President,  I  was  a  member  of  the  Publication  Com- 
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Remarks     mittee,  and  I  was  surprised  at   the  manner  in  which  some  papers  are 

President   presented.     What  I  am  saying  now  is  of  course  not  for  general  publi- 

(continued).  cation,  but  simply  for  the  members  of  our  Society,  and  we  do  not 

expect  this  to  get  into  the  Press.     I  am  talking  as  a  father  to  his 

children. 

If  some  of  the  papers  jjresented  to  that  Publication  Committee  by 
men  who  stand  high  in  our  profession  had  been  presented  by  pupils  in 
a  High  School  they  would  never  have  been  permitted  to  receive  con- 
sideration. Papers  written  out  in  long  hand,  on  both  sides  of  the 
paper,  sheets  of  different  length,  underlined,  words  eras'ed,  and  matters 
of  that  kind,  and  with  a  footnote  asking  the  Secretary  to  jilease  check 
the  mathematical  formulas,  and,  if  he  found  they  were  not  correct,  to 
notify  the  author,  or  make  them  correct. 

The  papers  presented  to  this  Society  should  come  written  by  a 
typewriter,  and  printed  on  one  side  of  a  sheet,  and  they  should  come 
absolutely  clean.  No  other  work  should  be  expected  of  the  Secretary 
and  Publication  Committee,  than  the  work  of  criticism  in  the  proper 
sense.  The  Publication  Committee,  or  Secretary,  should  not  be  ex- 
pected to  furnish  grammar,  or  check  mathematical  formulas,  or  any- 
thing of  that  sort.  They  are,  of  course,  expected  to  give  the  papers 
that  character  of  criticism  which  all  papers  need,  and  the  editing 
which  all  papers  need,  even  when  written  by  those  of  us  who  might  be 
most  familiar  with  the  subjects.  But  they  are  not  expected  to  go  into 
details  and  construct  the  papers  themselves.  I  hope  you  will  jDardon 
me  for  having  taken  up  so  much  of  your  time  on  this  matter,  but  it  is 
a  very  important  one,  and  one  that  has  been  sadly  neglected  by  our 
members.  That  is  one  reason  why  papers  which  come  to  us  written 
by  members  are  frequently  sent  back  to  them,  and  when  they  are  sent 
back  members  take  exception  to  it,  when  they  should  be  thankful 
that  they  are  treated  as  courteously  as  they  are  by  the  Publication 
Committee. 

I  also  desire  to  call  attention  to  the  fact  that  one  of  the  thankless 
offices  of  this  Society  is  that  of  the  Vice-President.  There  is  a  rule 
that  when  the  President,  who,  coming  from  a  long  distance,  can  rarely 
attend  the  meetings,  is  absent,  the  chair  is  to  be  taken  by  the  Vice- 
President.  During  the  time  I  have  nominally  occupied  the  chair  it 
has  been  actually  occupied  by  one  of  our  Vice-Presidents,  who  is  here, 
and  who  has  made  it  his  conscientious  duty  always  to  find  oixt  whether 
or  not  the  President  would  be  in  attendance,  and  at  inconvenience  to 
himself  has  attended  and  presided  at  the  meetings.  I  refer  to  Mr. 
Eudolph  Hering,  whom,  in  declaring  the  Business  Meeting  adjourned, 
I  would  like  to  ask  to  j^reside  during  the  remainder  of  the  Con- 
vention. * 

Adjourned. 
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RECEPTION  OF  AMERICAN  ENGINEERS, 

IN  THE 

LIBRARY    OF    THE    INSTITUTION    OF    CIVIL    ENGINEERS, 
MONDAY,  JULY  2d,  1900. 


Addeess  of  Welcome  by  Sir  Douglas  Fox,  President,  Inst.  C.  E. — 
Responses  by  John  F.  Wallace,  President,  Am.  Soc.  C.E.  ;  H. 
S.  Haines,  M.  Am.  Soc.  C.  E.,  and  Jesse  M.  Smith,  Vice-Presi- 
dent, Am.  Soc.  M.  E. 

Sir  Douglas  Fox,  President,  Inst.  C.  E. — Ladies  and  Gentlemen: 
— It  is  my  liigh  privilege  as  President  of  the  Institution  of  Civil  Engi- 
neers to  bid  you  all  this  day  a  most  hearty  welcome.  We  were  very 
glad  when  we  heard  in  the  spring  that  a  number  of  our  brethren  from 
the  other  side  of  the  Atlantic — that  little  pond  as  you  look  upon  it, 
which  often  seems  to  us  a  very  long  distance — were  coming  over  here 
for  the  Paris  Exhibition;  and  we  hoped  they  would  be  kind  enough 
to  call  on  their  way  and  see  some  of  the  old  folks  in  the  old  country. 
The  result  of  that  is  that  we  have  the  pleasure  this  afternoon  of  wel- 
coming you  most  heartily  to  the  Institution  of  Civil  Engineers,  in  a 
building  which  has  many  traditions,  about  which  I  will  say  a  few 
words.  Before  doing  so,  I  should  just  explain  to  you  that  this  Insti- 
tution is  the  home  of  the  Pai*ent  Society  of  British  Engineers.  It 
is  cosmopolitan  in  this  sense,  that  it  includes  every  class  of  Civilian 
Engineer,  and  that  is  the  meaning  from  our  point  of  view  of  the  words 
"  Civil  Engineer."  Now,  the  great  advantage  of  that  for  you  and  for 
us  on  the  Council  of  this  Institution  is,  that  I  have  this  afternoon  the 
honor  of  being  supported  on  this  platform  by  representatives,  not  only 
of  my  own  Council,  but  of  that  of  the  Mechanical  Engineers  who  have 
been  your  kind  hosts  during  the  last  week,  of  the  Electrical  Engi- 
neers, of  the  Naval  Architects,  and  of  the  Iron  and  Steel  Institute. 
I  have  only  got  to  mention  those  names  to  you  to  show  you  that  on 
this  occasion  I  represent  a  very  great  force,  not  only  in  this  country, 
but  throughout  the  world.  There  are  men  here  who  have  made  their 
mark,  as  there  are  men  on  the  other  side,  facing  me,  who  have  made 
a  very  great  mark  upon  the  world;  and  it  is  good  for  us  to  come  and 
see  one  another  face  to  face  on  an  occasion  like  this.  Then,  on  the 
other  hand,  because  we  are  cosmopolitan,  we  have  been  able  to  extend 
our  invitation,  not  merely  to  the  Society  of  Civil  Engineers  of  Amer- 
ica, of  which  some  of  us  are  very  proud  to  be  members,  but  also  to 
members  of  the  other  engineering  societies,  the  Mechanical  Engi- 
neers, the  Mining  Engineers,  the  Electrical  Engineers,  and  the  Naval 
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Architects  of  the  United  States,  and  we  hope  that  all  those  bodies  are 
more  or  less  represented  among  us  this  afternoon.  There  is  one  face 
absent  that  I  should  very  much  have  liked  to  have  seen  here,  whose 
name  I  must  mention  to  you,  and  that  is  our  old  and  honored  Secre" 
tary  for  40  years,  now  our  Honorary  Secretary,  James  Forrest.  He  has 
written  exjiressing  his  great  regret  that  his  health  does  not  permit  him 
to  be  among  iis,  but  I  felt  that  any  meeting  of  the  Institution  of  Civil 
Engineers  would  not  be  complete  unless  reference  were  made  to  his 
honored  name.  If  you  look  about  you  will  find  he  is  in  evidence  in 
several  ways,  both  in  this  room  and  in  other  parts  of  the  Institution. 

Now,  may  I  say  to  you,  friends,  that  we  meet  on  this  occasion  with 
a  sense  of  very  deep  sympathy  on  account  of  the  news  that  has  just 
come  to  us  across  the  Atlantic,  and  we  could  not  do  otherwise  than 
express  this  to  you.  We  feel  deei^  sympathy  with  this  sad  event  that 
has  taken  place  in  New  York.  We  have  all  had  a  good  deal  to  make 
us  serious  during  the  last  year  or  two.  You  have  had  your  share  of 
troubles;  we  have  had  a  great  many  of  our  own.  But  there  has  been 
one  bright  rift  in  the  clouds,  at  any  rate  in  the  view  of  this  nation  of 
ours — a  very  bright  rift  through  the  dark  clouds  of  war — and  that  has 
been  the  sympathy  and  the  hearty  fellowship  that  has  been  shown  by 
the  American  nation.  That  is  as  it  ought  to  be.  If  we  English- 
speaking  people  of  the  United  States,  and  of  the  great  Empire  of 
Great  Britain  and  our  Colonies,  only  stand  together  for  what  is  right 
and  true,  the  whole  world  cannot  prevent  the  progress  that  you  and 
I  would  like  to  see. 

It  is  one  of  the  advantages,  I  think,  that  we  men  of  science  and 
men  of  industry  enjoy,  that  we  can  sometimes  approach  the  con- 
sideration of  these  things  with  a  calmer  mind,  with  a  more  resolute 
determination  to  pull  together,  than  is  always  possible  in  the  political 
world.  We  have  found  this  with  our  neighbors  on  the  Continent. 
All  through  the  various  events  of  the  last  few  years  there  has  been  a 
most  hearty  and  friendly  feeling  between  the  scientists  and  the  engi- 
neers of  the  Continent  and  those  of  this  country;  but  that  is  only  a 
distant  feeling  compared  with  what  we  entertain  toward  our  brethren 
of  America.  We  look  upon  you  as  very  strong  competitors.  Well,  we 
are  quite  ready  for  it,  and  we  only  hope  that  we  shall  be  able  to  learn 
from  you  a  great  deal  to  teach  us  how  to  compete  with  you  in  the  way 
which  we  have  to  travel  in  the  future.  I  think  it  is  one  of  the  most 
pleasant  things  in  connection  with  this  Institution,  and  I  have  no 
doubt  it  is  so  in  your  own,  that  while  on  this  platform  there  is  hardly 
one  of  us  who  is  not  a  strong  competitor  with  others,  we  are  all  on  the 
most  intimate  terms  of  friendship  with  one  another,  and  quite  ready 
to  help  one  another  in  any  difficulty  or  in  any  doubt.  And  so  in  the 
same  way  it  is  good  for  us,  strong  as  we  must  be  in  competing  to- 
gether, to  meet  here  and  to  exchange  our  friendly  thoughts,  and  to 


Affairs.]  THIRTY-SECOND    ANNUAL   CONVENTION.  195 

clieer  oue  another  ou  iu  the  great  problems  we  have  to  attack.  We 
have  plenty  of  such  to  deal  with.  Some  of  us  will  not  live  to  see  all 
their  fulfilment;  but  depend  upon  it  that  the  engineers  of  the  United 
States  and  Great  Britain  will  have  a  great  deal  to  do  with  the  future 
of  the  world,  and  it  is  for  us  to  try  as  far  as  we  can  to  direct  that 
futiire  rightly  in  the  course  of  true  progress  and  upright  feeling,  and 
of  straightforward,  honest  work. 

I  want  to  add  a  few  words  to  you  about  this  Institution  of  Civil 
Engineers.  I  am  afraid  I  cannot  say  to  you  what  I  may  be  able  to 
say  of  Warwick  Castle,  where  I  hope  a  great  many  of  you  will  meet 
us,  that  it  is  an  old  building.  The  room  in  which  we  are  now  is  some- 
what modern,  although  the  lecture  hall  is  considerably  older.  There 
you  will  shortly  be  amid  old  traditions,  if  you  can  apply  the  word 
old  to  one  of  the  youngest  of  the  professions.  In  1818  this  Institution 
of  Civil  Engineers  was  founded,  and  in  1820  took  more  definite  shape 
under  the  Presidency  of  Thomas  Telford.  I  feel  especially  proud 
to-day  for  one  among  other  reasons,  which  is  that  when  I  came  into 
this  room  I  occupied  the  original  chair  in  which  Thomas  Telford  used 
to  preside.  Nothing  could  make  an  engineer  feel  prouder  than  that. 
Founded  in  1818,  this  Institution  has  witnessed  the  birth  and  growth 
of  our  profession.  Before  that  time  there  were  men  mighty  in  their 
isolated  strength,  but  there  was  no  combined  profession.  From  that 
day  to  this  there  has  been  a  steady  growth,  until  now  this  Institution 
represents  a  body  of  highly-trained  engineers  scattered  all  over  the 
British  Emijire  and  over  every  part  of  the  world,  numbering  more 
than  6  000,  and  with  our  students  making  a  grand  total  of  over  7  000. 
And  when  we  know  what  the  object  of  all  these  men  is,  to  utilize  the 
l^owers  of  Nature  for  the  benefit  of  man,  and  when  we  know  also  that 
they  are  doing  their  duty,  we  have  reason,  I  think,  to  be  thankful  for 
the  growth  which  has  taken  place  in  this  Institution.  We  have  had 
the  great  pleasure  of  receiving  you  here  11  years  ago;  we  have  also 
the  satisfaction  of  numbering  an  esteemed  member  of  your  Society 
among  our  honorary  members,  which  is  with  us  a  position  of  very 
great  honor — we  rejoice  to  number  among  them  Mr.  Chanute.  Every 
one  of  us  on  this  platform  feels  this  afternoon  in  welcoming  you  here, 
that  in  endeavouring  to  show  you  a  little  hospitality  we  are  only 
returning  in  a  very  small  degree  the  wonderful  kindness  which  all  of 
us  have  received  whenever  we  have  visited  the  United  States.  It  is 
one  of  the  things  which  gives  us  courage  to  cross  the  Atlantic.  We 
think  it  is  rather  an  undertaking  to  get  across  the  Atlantic,  but  it  is 
the  anticipation  of  our  reception  there  that  encourages  us  to  go.  I 
began  that  experience  a  long  while  ago.  It  was  in  the  year  1857  that 
I  first  went  to  the  United  States,  and  I  spent  nearly  12  months  there. 
I  was  only  a  young  man  at  that  time,  but  I  was  received  in  the  kindest 
way,  and  I  learned  a  great  deal  that  has  been  most  useful  to  me  ever 
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since.  No  engineer  goes  from  this  side  of  the  water  without  coming 
back,  and  pointing  out  that  we  have  a  great  deal  to  learn  from  you. 
One  reason  for  that  is,  you  are  not  so  much  trammelled  as  we  are  with 
traditions.  Traditions  are  very  good  things  in  their  right  place,  but 
sometimes  they  are  very  obstructive.  You  folks  in  a  newer  country 
are  able  very  often  to  jjush  ahead  in  a  manner  which  we  cannot  do. 
It  does  us  good  to  be  able  to  quote  you  and  say,  "See  what  our 
friends  on  the  other  side  of  the  water  are  doing."  Very  often  we  are 
able  by  that  means  to  introduce  improvements  in  a  way  we  otherwise 
should  not  be  able  to  do. 

Ladies  and  Gentlemen: — I  have  kept  you  quite  long  enough.  My 
object  is  simply  on  behalf  of  this  Institution  to  bid  you  a  most  hearty 
welcome.  I  want  you  to  know  that  throughout  this  week  all  the 
facilities  of  this  building,  and,  by  the  kindness  of  the  Council  of  the 
Mechanical  Engineers,  the  facilities  of  their  building  also,  are  extended 
to  all  American  friends  in  London.  I  want  to  invite  you  to  accom- 
pany us  in  the  two  visits  that  have  been  arranged  for  your  eDJoyment. 
When  Her  Majesty  the  Queen  heard  that  our  American  friends  were 
coming  over,  although  she  is  in  residence  at  Windsor,  and  it  is  very 
unusual  for  large  parties  to  visit  the  Castle  there  when  she  is  in 
residence,  she  said,  "By  all  means  let  them  come."  There  will  be  a 
special  train  for  the  purpose,  and  I  hope  as  many  of  you  as  possible, 
especially  the  ladies,  will  join  us  in  the  expedition.  On  Thursday 
evening  we  hope  to  see  you  in  the  Guildhall.  We  iisually  have  our 
conversazione  or  recej^tlon  in  this  building,  biit  there  were  two  reasons 
why  we  altered  the  custom  this  year;  one  is  this,  that  we  want  all  our 
members  to  have  an  opportunity  of  meeting  you,  and  when  we  have  a 
reception  here  we  have  to  take  two  evenings  for  the  purpose  because 
these  premises  are  not  commodious  enough.  Therefore,  Ave  are  having 
it  at  the  Guildhall,  so  that  we  can  entertain  nearly  4  000  iieojile,  and 
you  will  have  a  good  opportunity  of  seeing  what  English  engineers 
and  their  ladies  are  like.  The  other  reason  was  this,  that  I  think 
there  is  a  great  deal  historically  connected  with  the  Guildhall  which 
will  be  interesting  to  you.  There  are  those  remarkable  figures,  Gog 
and  Magog;  there  is  a  sjilendid  exhibition  of  jjictures,  and,  with  the 
addition  of  some  music,  I  hope  we  shall  enable  you  to  pass  a  very 
pleasant  evening. 

Then  comes  Friday.  The  Countess  of  Warwick,  when  she  heard 
we  were  thinking  of  taking  you  to  that  historic  place,  which  we  all 
like  to  visit,  and  I  am  sure  you  specially  like  to  visit,  the  County  of 
Shakespeare,  said:  "By  all  means;  I  will  receive  them  at  Warwick 
Castle  myself."  The  Earl  and  Countess  are  kind  enough  to  have  ac- 
cepted our  invitation  to  meet  you  at  luncheon  in  Warwick  Park. 

Before  concluding,  may  I  say  that  we  have  looked  upon  this  week 
as  a  week  of  pleasure  and  not  of  business,  and  therefore  we  have  not 
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arranged  visits  to  engineering  works.  But  on  behalf  of  my  professional 
brethren,  as  well  as  on  my  own  behalf,  let  me  say  if  any  of  yoti  gentle- 
men want  to  see  works  in  the  neighborhood  of  London,  we  will  aflford 
you  every  facility  for  the  jjurpose. 

I  trust  that  our  gathering  here  may  be  only  one  more  means  of 
binding  us  all  closely  together  in  the  work  that  we  have  to  do  on  both 
sides  of  the  Atlantic,  and  I  only  hope  that  some  day,  not  very  far 
distant,  we  may  have  the  pleasure  of  seeing  you  here  again.  I  am  rather 
doubtful  whether  it  will  be  in  this  building,  but  it  may  be  in  another 
one,  and  you  will  then  receive  just  as  hearty  a  welcome  from  our  suc- 
cessors as  we  are  glad  to  offer  you  this  afternoon. 

John  F.  WaijIjACe,  President,  Am.  Soc.  C.  E. — Sir  Douglas  Fox, 
on  belialf  of  the  members  of  the  American  Society  of  Civil  Engineers, 
I  would  like  to  express  our  feelings  at  the  kind  words  we  have  received 
from  the  President  of  this  Institution.  The  American  Society  of  Civil 
Engineers  occupies  in  America  the  same  position  that  the  Institution  of 
Civil  Engineers  does  in  Great  Britain,  and  we  consider  our  principles 
broad  enough  to  cover  engineers  of  all  sjsecialties  and  all  classes.  There 
is  a  saying  in  America  that  engineers  are  not  speakers,  and  as  later  ^in 
the  day  I  have  a  matter  upon  my  conscience  which  has  troubled  me 
very  much,  and  as  we  in  America  always  help  each  other  when  we  are 
in  a  difficulty,  I  will  call  upon  Colonel  Haines,  one  of  our  most  promi- 
nent engineers,  to  answer  the  words  of  welcome  we  have  heard. 

H.  S.  Haines,  M.  Am.  Soc.  C.  E. — Sir  Douglas  Fox,  Ladies  and 
Gentlemen: — I  am,  to  repeat  a  trite  expression,  called  on  rather  unex- 
pectedly to  support  our  honored  President,  but  I  know  very  well  what 
a  task  he  has  before  him.  In  listening,  as  I  have  and  as  you  have,  to 
the  very  cordial  welcome  just  extended  to  us,  I  feel  somewhat  in  the 
position  of  one  delivering  a  prologaie  on  the  first  performance  of  a  new 
drama.  And  as  I  stand  before  the  ciirtain  that  has  not  yet  risen,  I 
symjoathize  with  those  who  are  to  take  i^art  in  the  performance,  and 
upon  whom  rests  the  burden  of  its  success  or  failure.  For,  Sir,  the 
American  Society  of  Civil  Engineers  has  crossed  the  broad  ocean  to 
hold  its  meeting  in  this  land  before  an  audience  thoroughly  conversant 
with  the  subjects  that  it  proposes  to  discuss;  and  as  I  heard  your 
remarks  on  the  subject  I  felt  that  its  proceedings  were  about  to  be 
conducted  under  the  roof  of  an  Institution  its  senior  by  two  genera- 
tions, an  Institution  on  whose  roll  of  honor  are  inscribed  names  as 
familiar  to  us  as  household  words,  beginning,  as  you  observed,  with 
that  of  Thomas  Telford,  the  Colossus  of  highway  roads,  and  broaden- 
ing as  it  descends,  including  the  names  of  acknowledged  leaders  in 
every  path  of  modern  engineering.  Under  such  conditions  those  of 
our  members  who  are  to  take  part  in  this  meeting  may  well  feel 
some  trepidation  at  making  their  debut  in  your  midst,  and  I  think 
that  they  will  feel  obliged  to  me  if  I  state  their  position  in  such  a  way 
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as  to  secure  for  tliem  your  favorable  consideration  in  advance  of  the 
meeting.  The  tojiics  which  it  is  projoosed  to  discuss  are  principally 
those  in  which  your  members  have  already  acquired  large  experience, 
and  we  may  hope  to  derive  very  great  profit  if  we  can  have  the  benefit 
of  that  experience.  One  of  those  toisics,  however,  is  of  such  recent 
development  that  it  may  be  suflSciently  novel  to  you  to  be  of  some 
interest  on  that  account  at  least.  Be  that  as  it  may,  on  one  thing  we 
most  confidently  rely,  that  although  we  are  in  a  land  to  which  many 
of  our  members  hitherto  have  been  strangers,  I  feel  sure  that  they  will 
soon  find  that  they  are  among  friends,  among  those  allied  to  them  by 
all  the  ties  which  bound  your  forefathers  to  theirs  until  the  time  came 
that  they  crossed  the  Atlantic  and  jjlanted  the  seeds  on  a  far  distant 
shore  of  that  tree  of  liberty  which  now  shelters  a  continent.  To  those 
ties,  historical  and  political  in  their  origin,  we  now  hope  that  we  may 
add  others  of  a  social  as  well  as  of  a  personal  character,  and  that  our 
sister  societies  may  be  bound  together,  as  you  very  justly  observed. 
Sir,  in  the  bonds  of  friendship  and  of  mutual  help,  in  that  common 
caust!  which  we  both  undertake  to  promote,  the  utilization  of  the 
resources,  the  materials,  and  the  forces  of  Nature,  for  the  welfare  of 
mankind.  And  it  is  in  that  spirit,  Sir,  that  on  behalf  of  the  American 
Society  of  Civil  Engineers,  and  of  its  President,  I  respond  to  the  cordial 
welcome  you  have  so  graciously  extended  on  behalf  of  the  Institution 
of  Civil  Engineers. 

Jesse  M.  Smith,  Vice-President,  Am.  Soc.  Mech.  Engrs. — Sir 
Douglas  Fox,  Members  of  the  Coimcil,  and  members  of  the  Institution 
of  Civil  Engineers  of  Great  Britain: — We  regret  exceedingly  that  our 
President,  Mr.  Morgan,  cannot  be  present  to  exjn-ess  to  you  the  senti- 
ments which  every  member  of  the  Society  of  Mechanical  Engineers  pro- 
fesses toward  this  revered  Society  of  Civil  Engineers  of  Great  Britain. 
Those  of  us  who  accepted  your  very  liberal  hospitality  in  1889  cannot 
but  feel  the  great  honor  which  you  have  conferred  upon  us  again  in 
inviting  us  here  during  this  week.  Those  who  Avere  here  in  1889,  and 
I  am  speaking  also  for  the  Mechanical  Engineers  who  were  not  here 
in  1889,  miss  the  genial  face  and  the  cordial  hand  of  him  who  was 
then  your  Secretary,  Mr.  Forrest.  His  mantle  has  fallen  on  Dr.  Tuds- 
bery,  who  has  done  everything  possible  for  the  comfort  and  entertain- 
ment of  the  American  Engineers  who  are  visiting  your  Institution,  and 
we  feel  that  the  most  royal  reception  which  we  received  in  1889  is  an 
earnest  of  what  we  are  about  to  receive  during  the  present  week.  I 
ex^jress  to  you,  Sir,  to  the  Council,  and  to  the  members  of  the  Insti- 
tution, our  most  hearty  appreciation  of  your  great  kindness  in  invit- 
inor  us  here. 
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MINUTES  OF  MEETINGS. 


OF  THE  SOCIETY. 

September  5th,  1900. — The  meetiug  was  called  to  order  at  8.35 
p.  M.,  Vice-President  Eudolpli  Heriug  in  the  chair;  Assistant  Secre- 
tary McMinn  acting  as  Secretary ;  and  present,  also,  65  members  and 
12  visitors. 

The  minutes  of  the  meeting  at  the  Annual  Convention  were  approved 
as  printed  in  ProceedinfjA  for  August,  1900. 

A  paper  by  Elwood  Mead,  M.  Am.  Soc.  C.  E.,  entitled  "Irrigation 
Studies,"  was  x>i'esented  by  the  Acting  Secretary.  The  subject  was 
discussed  by  Messrs.  Mansfield  Merriman  and  Rudolph  Hering. 

Ballots  were  canvassed  and  the  following  candidates  declared 
elected: 

As  Members. 

Feank  Alexander  Baeboijr,  Boston,  Mass. 

Robert  Brtjce  Burns,  Los  Angeles,  Cal. 

Davtd  Janney  Howell,  Albany,  N.  Y. 

Eugene  Willett  Van  Court  Lucas,  Wilmington,  N.  C. 

James  Godfrey  Warner,  Perth,  Western  Australia. 

Elton  Davtd  Walker,  Schenectady,  N.  Y. 

Charles  Valentine  Weston,  Chicago,  111. 

As  Associate  Members. 

William  Melvin  Bailey,  Maiden,  Mass. 
Oliver  W  Childs,  St.  Louis,  Mo. 
Edward  Francis  Haas,  San  Francisco,  Cal. 
William  Cushing  Hammatt,  Tepezala,  Mex. 
Alexander  Johnson,  New  York  City. 
Harrison  Wainwright  Latta,  Philadelphia,  Pa. 
Elmer  James  McCaustland,  Ithaca,  N.  Y. 
Leon  Solomon  Moisseiff,  New  York  City. 
Edward  Charles  Murphy,  Ithaca,  N.  Y. 
Robert  Blum  Olney,  Charleston,  S.  C. 
Theodore  Nelson  Spencer,  Philadelphia,  Pa. 

Announcement  was  made  of  the  death  of  the  following  members: 
DoMiNiK  Lindenthal,  elected  Associate  Member  March  4th,  1896; 
died  June  8th,  1900.  William  Giddings  Curtis,  elected  Member  May 
3d,  1882;  died  June  15th,  1900.  Edward  Arnold  Correa,  elected 
Member  March  7th,  1900;  died  June  21th,  1900.  Hamilton  Smith, 
elected  Member  February  5th,  1879;  died  July  1th,  1900.     Collis  P. 
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Huntington,  elected  Fellow  March  lOth,  1877;  died  August  13,  1900. 
Faikman  Eogeks,  elected  Member  May  7tli,  1873;  died  August  22dy 
1900. 

Adjourned. 

September  ipth,  1900. — The  meeting  was  called  to  orcler  at  8.35 
p.  M.,  N.  P.  Lewis,  M.  Am.  Soc.  C.  E.,  in  the  chair;  Charles  Warren 
Hunt,  Secretary,  and  present,  also,  78  members  and  35  guests. 

A  paper  by  L.  G.  Montony,  Assoc.  M.  Am.  Soc.  C.  E.,  entitled 
"The  Ninety-sixth  Street  Power  Station  of  the  Metropolitan  Street 
Eailway  Company  of  New  York  City,"  was  presented  by  Mr.  W.  A. 
Low,  and  discussed  by  Messrs.  A.  Carr,  W.  Boecklin,  Jr.,  J.  D.  Kent 
and  W.  A.  Low. 

A  written  discussion  by  F.  L.  Averill,  Assoc.  M.  Am.  Soc.  C.  E.„ 
was  presented  by  the  Secretary. 

The  Secretary  announced  the  election  of  the  following  candidates 
by  the  Board  of  Direction,  on  September  11th,  1900  : 

As  Jtjnioks. 
Shikley  Bakek,  Sacramento,  Cal. 
RicHAED  TuKNEK  Dana,  Ridgcwood,  N.  J. 
Fbancis  Btjechakd  Hakrington,  Albany,  N.  Y. 
Asa  Warken  Pajrker,  Brooklyn,  N.  Y. 

Adjourned. 

OF  THE  BOARD  OF  DIRECTION. 

(Abstract.) 

September  nth,  1900. — The  Board  met  at  8.17  p.  m.,  Vice-Presi- 
dent Noble  in  the  chair;  Charles  Warren  Hunt,  Secretary;  and  present, 
also,  Messrs.  Hering,  Knap,  Manley,  Ricketts,  Schneider,  Seaman  and 
Whinery. 

The  subject  of  a  proposed  engineering  exhibit  and  Society  Con- 
vention in  connection  with  the  Pan-American  Exposition,  at  Buffalo, 
in  1901,  was  considered. 

Applications  were  considered  and  other  routine  business  trans- 
acted. 

Four  candidates  for  Junior  were  elected. 

Adjourned. 
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ANNOUNCEMENTS. 

In  accordance  with  the  resolution  of  the  Board  of  Direction  the 
House  of  the  Society  is  open  every  day,  except  Sunday,  from  9  A.  M. 
to  10  P.  M. 

MEETINGS. 

Wednesday,  October  3d,  1900. — A  regular  business  meeting  will 
be  lield.  Ballots  for  membership  and  ballots  on  the  proposed  amend- 
ments to  the  Constitution  -will  be  canvassed,  and  a  paper  entitled 
"  The  Theory  and  Practice  of  Precise  Spirit  Leveling,"  by  David  A. 
Molitor,  M.  Am.  Soc.  C.  E.,  will  be  presented  for  discussion.  This 
paper  is  printed  in  the  current  number  of  Proceedings. 

Wednesday,  October  17th,  1900. — A  regular  meeting  will  be  held, 

at  which  a  paper   entitled    "The  Preservation   of   Eailway  Ties  in 

Europe,"  by  Octave  Chanute,  Past-President,  Am.  Soc.  C.  E.,  will  be 

presented  for  discussion.     This  paper  is  printed  in  the  current  number 

of  Proceed! )igfi. 

LIBRARY. 

Up  to  December,  1898,  there  was  published  in  Proceedings  a 
monthly  list  of  "Additions  to  the  Library  and  Museum."  This  list 
was  unclassified,  and,  while  giving  the  titles  of  books  or  pamphlets 
received,  could  only  be  considered  as  a  printed  acknowledgment  of 
donations.  When  the  Publication  Committee  decided  to  undertake 
the  "List  of  Current  Engineering  Literature,"  the  publication  of  the 
former  list  was  discontinued.  The  Publication  Committee  has  now 
decided  to  i^ublish  a  monthly  list  of  acknowledgment  of  contributions, 
and  the  first  installment,  covering  "Donations  to  the  Library  from 
Janiiary  1st,  1899,  to  Sejatember  1st,  1900,"  will  be  found  on  page  207. 

The  importance  to  the  Society  of  the  interest  taken  by  members 
in  its  Library  need  not  be  dwelt  upon,  the  fact  that  this  list  represents 
about  428  donors  and  2  650  (gifts  an  average  of  about  137  per  month) 
shows  clearly  that  these  accessions  could  not  have  been  acquired  by 
purchase;  and  there  are  doubtless  many  books,  as  well  as  official  and 
l^rivate  reports  by  our  members  which  should  be  on  file,  but  which 
have  not  been  received. 

Members  are  therefore  urged,  not  only  to  forward  such  books  and 
reports,  but  to  call  the  attention  of  the  Secretary  to  publications  which, 
in  their  opinion,  would  be  valuable,  whether  such  publications  may  be 
secured  for  the  asking,  or  whether  they  must  be  piirchased. 

A  classified  Catalogue  of  the  Library  will  soon  be  ready  for  issue  to 
members,  and  it  is  hoped  that  its  publication  will  serve  to  awaken  an 
interest  in  this  branch  of  the  Society's  work  which  will  result  in  the 
establishment  and  maintenance  of  a  thoroughly  up-to-date  profes- 
sional reference  library. 


202 


CURRENT   TECHNICAL   LITERATURE. 


[Society 


MONTHLY  LIST  OF   RECENT   ENGINEERING   ARTICLES  OF 
INTEREST. 

(August  8tli  to  September  12tb,  1900.) 

Note.  —  Tlda  list  is  p  uhlislied  for  the  p  urpose  of  placing  before  the  members 
of  the  Society  the  titles  of  current  engineering  articles,  which  can  be  referred 
to  in  any  available  engineering  library,  or  can  be  procured  by  addressing 
the  prihlication  directly,  the  address  and  j^^^ice  being  given  wherever 
possible. 

LIST  OF  PUBLICATIONS. 

In  the  subjoined  list  of  articles  references  are  given  by  the  number  pre- 
fxedto  each  journal  in  this  list. 


(i)  Journal,  Assoc.  Eng.  Soc,  257  South 
Fourth  St.,  Philadelphia,  Pa.,  30c. 

(2)  Proceedings,  Eng.  Club  of  Phila.,  1132 

Girard  St.,  Philadelphia,  Pa. 

(3)  Journal,    Franklin    Inst.,    Philadel- 

phia, Pa..  50c. 

(4)  Journal,  Western  Soc.  of  Eng.,  Mo- 

nadnock  Block,  Chicago,  111. 

(5)  Transactions,  Can.  Soc.  C.  E.,  Mon- 

treal, Que.,  Can. 

(6)  School  of  MincK  Quarterly,  Columbia 

Univ.,  New  York  City,  50c. 

(7)  Technologii    Qftartcrly,    Mass.     Inst. 

Tech..  Bostnn.  Mass".,  75c. 

(8)  Sterols  Institute  Indicator,  Stevens 

Institute,  Hoboken,  N.  J.,  50c. 

(9)  Engineering   Magazine,    New   York 

City,  30c. 

(10)  Cassier's  Magazine,  New  York  City, 

25c. 

(11)  Engineering  (London),  W.  H.  Wiley, 

Nevr  York  City,  35c. 

(12)  The  Engineer  (London),  International 

News  Co.,  New  York  City,  35c. 

(13)  Engineering  News,  New  York  City, 

15c 

(14)  The  Engineering  Record,  New  York 

City,  12c 
(is)  Railroad  Gazette,   New  York  City, 
10c. 

(16)  Engineering   and    Mining   Journal, 

New  York  City,  15c. 

(17)  Street  Railway  Journal,  New  York 

City,  35c. 

(18)  Railway   and    Engineering    Review, 

Chicago,  111. 

(19)  Scientific  American  Supplement,  New 

York  City,  10c. 

(20)  Iron  Age,  New  York  City,  10c. 

(21)  Railway    Engineer,    London,     Eng- 

land. 

(22)  Iron  and  Coal  Trades  Review,  Lon- 

don, England. 

(23)  Bidletin,   American  Iron  and  Steel 

Assoc,  Philadelphia,  Pa. 

(24)  American     Gaslight    Jowrnal,    New 

York  City,  10c. 

(25)  American  Engineer,  New  York  City, 

20c. 

(26)  Electrical  Revieiu,  London,  England. 

(27)  Electrical  World  and  Electrical  En- 

gineer, New  York  City,  10c. 

(29)  Journal,  Society  of  Arts,  London, 

England. 

(30)  Annates    des    Travaux   Publics   de 

Belgique,  Brussels,  Belgium. 

(31)  Annates  de  V  Assoc,  des  Ing.  Sortis 

des  Ec6le  Spiciales  de  Gand,  Brus- 
sels, Belgium. 


(32)  Memoirs  et  Com.pt  Rendu  des  Tra- 

vaux, Soc.    Ing.    Civ.   de  France, 
Paris,  France. 

(33)  te  Genie  Civil,  Paris,  France. 

(34)  Portefeuille    Econoniique    des    Ma- 

chines, Paris,  France. 

(35)  Nouvelles  AnnaJes  de  la   Construc- 

tion, Paris,  France. 

(36)  La  Revue  Technique,  Paris,  France. 

(37)  Revue  de  Mecavique,  Paris,  France. 

(38)  Revue  (leiierale  ilcs  Cheniins  de  Fer 

et  di's  Tnnnu-ays.  Paris,  France. 

(39)  Railway  Master  Mectianic,  Chicago, 

111. 

(40)  Railway  Age,  Chicago,  111.,  10c. 

(41)  Modern' Mtirhinery  ,Chica,go,  111.,, 10c. 

(42)  Trausinliuns.  Am.  Inst.  Elec.  Eng., 

New  Y'lrk  City,  50c. 

(43)  Annaks    iles    Ponts    et    Chaussies, 

Paris,  France. 

(44)  Jour)ial,    Military    Service    Institu- 

tion, Governor's  Island,  New  York 
Harbor,  75c. 

(45)  Mines  and  Minerals,  Scranton,   Pa. 

20c. 

(46)  Scientific  American,  New  York  City, 

10c. 

(47)  Mechanical   Engineer,     Manchester, 

England. 

(48)  Zeitschrift  des  Vereines  Deutscher  In- 

genieure,  Berlin,  Germany. 

(49)  Zeitschrift  fUr Bauwesen,  Berlin,  Ger- 

many. 

(so)  Stahl  und  Eisen,  Duesseldorf,  Ger- 
many. 

(si)  Deutsche  Bauzeitung,  Berlin,  Ger- 
many. 

(52)  Rigasche     Industrie- Zeitung,     Riga, 

Russia. 

(53)  Zeitschrift   des  oesterreichischen  In- 

genieur  und  Architekten   Vereines, 
Vienna,  Austria. 

(54)  Den   Tekniske  Forenings    Tidsskrift, 

Copenhagen,  Denmark. 

(55)  Ingenidren,  Copenhagen,  Denmark. 

(56)  Teknisk  Tidskrift.   Stockholm,    Swe- 

den. 

(57)  Teknisk Ugeblad.  Christiania,Norway. 

(58)  Proceedings,  Eng.  Soc.    W.   Pa.    410 

Penn  Ave.,  Pittsburg,  Pa.    50c. 

(59)  Transactions,    Mining     Institute    of 

Scotland,  London  and  Newcastle- 
upon-Tyne. 

(61)  Proceedings,  Western  Railway  Club. 

225  Dearborn  St.,  Chicago,  111.,  25c. 

(62)  American    Manufacturer    and   Iron 

World,  59  Ninth  St.,  Pittsburg,  Pa. 

(63)  Minutes  of  Proceedings,  Inst.  C.  E 

London,  England. 
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LIST  OF  ARTICLES. 
Bridge. 

Hydraulic  Blethod  of  Sinking  Cast-iron  Piles,  Moruya  Bridge,  New  South  Wales.*    (21 ) 

August. 
A  Simple  Method  of  Calculating  the  Curve  of  Equilibrium  or  Line  of  Thrust,  in  Arched 

Ribs.    Charles  Lean,  M.  Inst.  C.  E.     (12)  August  3. 
Tlie  Bridge  Work  of  the  Pittsburg,  Bessemer  &  Lake  Erie  and  Union  Railways.*    (13) 

August  10. 
The  Franzeus  Bridge  at  Vienna.*    (i4>  August  18. 
The  Riverside  Drive  Viaduct,  New  York.*    (14)  August  25. 
Diagonal  Bracing  over  the  Turntable  in  Swing  Bridges.    Malverd  A.  Howe.    (15)  August 

31. 
The  721-Ft.  Three-Hinged  Steel  Arch  Railway  Bridge  across  the  River  Viaur,  France.* 

(13)  Sept.  6. 
The  Maumee  River  Draw-Bridge.*    (14)  Sept.  8. 
Pont  a  Arcades,  Systeme  Vierendeel.*    A.  Morizot.     (36)  Serial  beginning  March  10, 

ending  August  10. 
Les  Embarcaderes  '■  Cantilever  "  de  la  Cote  Cantabre.*    A.  Dory.     (31)  Pt.  2,  1900. 

ElectricaL 

The  Use  of  Aluminium  Line  Wire  and  Some  Constants  for  Transmission  Lines.    F.  A.  C. 

Perrine  and  F.  G.  Baum.     (42)  June  and  July. 
On  the  Photometry  of  Arc  Lamps.*    F.  W.  Carter.     (26)  Serial  beginning  July  13, 

ending  August  3. 
Gloucester  Electricity  Works.*    (26)  August  3. 
Alternating  Current  Induction  Motoi'S.*    A.  C.  Eborall.     (47)  Serial  beginning  August 

4,  ending  August  25. 
Electrolytic  Interrupters.*    Benj.  F.  Bailey.     (27)  August  11. 
The  Electric  Generating  System  of  Prague.*    Fred.  Bathurst.     (26)  August  17. 
Prof.   Pupin's   Proposed    System    for  Long-Distance    Telephoning.    H.  T.  Wade.     (13) 

August  23. 
Electricity— A  Few  Examples  of  Its  Application  to  Mining.*    {22)  August  24. 
Operating  Economies  in  Central  Station  Practice.    W.  L.  Abbott.     (26)  August  24. 
On  Some  Methods  of  Detel-mining  Experimentally  the  Moments  of  Inertia  of  the  Rotors 

of  Dynamos  and  Alternators.    Alfred  Hay,  M.  I.  E.  E.    (26)  Serial  beginning  August 

24,  ending  August  31. 
Dielectric  Strength.    James  Rowland  Bibbons.     (27)  August  25. 
The  Electrical  Equipment  at  the  Indian  Head  Naval  Proving  Grounds.*    (27)  August 

25. 
The  British  Insulated  Wire  Company's  Works  at  Pre.scot.*    (26)  August  31. 
The  Slaby-Arco  Systi'm  of  Wireless  Telegraphy.*    (26)  August  31. 
Applications  of  Electricity  in  the  Collieries  of  Great  Britain.*    Sidney  F.  Walter.     (9) 

Sept. 
Electrical  Ignition  of  Gas  Engines.    H.  J.  Poddlesak.     (41)  Sept. 
Electricity  in  Large  Cities;  Its  Transmission  and  Distribution.    W.  S.  Barstow.     (10) 

Sept. 
High  Voltage  Incandescent  Lamps.    Prof.  Geo.  D.  Shepardson.     (27)  Sept.  1. 
Nernst  Lamp  at  the  Exposition.*    (46)  Sept.  1. 

Some  Features  of  Electric  Lighting  and  Tramway  Practice.*    (47)  Sept.  1. 
Dynamotors  i'er.su.s  Motor  Generators.    Alton  D.  Adams.     (27)  Sept.  8. 
Grue  filectrique  k  Charpente  Mobile;  Construite  par  MM.  Mohr  et  Federhaff,  a  Mann- 
heim.*   (36)  August  25. 

Marine. 

Machmery  for  the  United  States  Navy  Armored  Cruisers.    Rear-Admiral  G.   W.  Mel- 
ville.    ( II )  Aug>ist  3. 
Notes  on  Wreck  Raising.    David  W.  Noakes.     (11)  August  17. 

On  the  Blechanical  Theory  (if  Steamship  Propulsion.    Robert  Mansel.     (12)  August  24. 
First-Class  Battleship  A'(((//'r/,-//.*    (46)  Sept.  1. 
The  First-Class  Battleship  ^4/(:/6«)/?a.*    (^46)  Sept.  8. 

Mechanical. 

Automobile  Vehicles.*    Prof.  Louis  Derr.     (1)  July. 

Automobiles.    Dr.  T.  J.  Martin.     (i)July. 

The  Balancing  of  Engines.    MacFarlane  Gray.     (47)  Serial  beginning  August  4,  ending 

August  11. 
The  Use  of  Gas  Engines  in  Connection  with  Electric  Power  Plants.    Philip  Dawson. 

(11)  August  10. 
Recent  Experiments  in  Mechanical  Flight.    Hiram  Maxim.     (29)  August  17. 
The  Campbell  on  Engine.*    (47)  Augu.st  18. 
An  Improved  Slide  Valve  for  Steam  Pumps.*    (47)  August  18. 
Reheaters  in  Multiple-Cylinder  Engines.    Prof.  R.  H.  Thurston.     (47)  August  18. 
Boiler  Explosions  Discussed.    T.  R^  Parker.     (62)  August  23.  * 

The  Nordberg  Pumping  Engine  at  Wildwood.  Pa.*    (13)  August  23. 
Some  Designs  of  Metallic  Packing.*    (47)  August  25. 
Compressed  Air  Motors  in  Chicago.     (40)  August  31. 
Controlling  Speed  of  Gas  Engines.*    ( 41 )  Sept. 
Gas  Engine  Fuels,  Types,  and  Uses.*    Professor  C.  V.  Kerr.    (10)  Sept. 
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Mechanical— (Continued). 

Heavy  ;\I,it(ir  Vehicles  for  Road  Service.*    Fred.  W.  Maynard.     (9)  Sept. 

A  Simple  and  Practical  Means  of  Recording  Steam-Engine  Performance.*    W.  Ripper. 

(9)  Sept. 
Observations  on  Retorting  and  Condensing  Temperatures.     Forbes   Waddell.     (24) 

Sept.  10. 
Distribution  a  Tiroirs  Cylindriques  et  fichappement  Independant.*    N.  de  Tedesco. 

(36)  August  10. 
Evaluation  de  la  Force  Transmise  par  Courroie  sur  les  Poulies  de  Grand  DiamStre  et  k 

Grande  Vitesse.     (33)  August  25. 

Military. 

The  "  Drift  "  and  "  Throw"  of  a  Projectile.    J.  Bridges-Lee.     (11)  Serial  beginning  July 

13,  ending  August  3. 
The  Gruson  Rotatmg  Turret:   Features  of  Advantage  as  an  Effective  Coast  Defense 

Arrangement.*    T.  Guilford  Smith.     (62)  Augusts. 
Creusot  Guns  on  Disappearing  Carriages.*    ( 19)  August  25. 
Ranging  with  Field  Guns.    Major  H.  B.  Stanford.     (44)  Sept. 
Le  Nouvel  Appareil  Directeur  pour  Torpilles  Automobiles.*    H.  Noalhat.     (36)  August 

25. 

Mining. 

Gold  Dredging  in  New  Zealand.*    P.G.Morgan.     (16)  Serial  beginning  August  4,  ending 

August  18. 
Mining  Operations  near  Halifax,  N.  S.*    (16)  August  11. 
A  Successful  Method  of  Mining  Iron  Ore  Used  at  the  Pewabic  Mine,  Michigan.    Dr.  BI.  P. 

Hulst.     (22)  August  31. 
Accidents  in  Coal  Mines.    Thomas  K.  Adams.     (45)  Sept. 
Rib  Drawing  with  Machines:  A  Pi-oposed  New  Method  of  Mining  Coal  by  the  Use  of 

Longwall  Undercutting  Machines  for  Taking  out  the  Rib.*    W.  S.  Gresley.     (45) 

Sept. 
Rope  Transmission  in  Mine  Haulage.*    (45)  Sept. 
Signal  Device  for  Mines.*    C.  S.  Herzig.     (45)  Sept. 
The  Compressed-Air  Haulage-Plant  at  No.  6  Colliery,  Glen  Lyon,  Pennsylvania.    J.  H. 

Bowden.     (16)  Sept.  8. 

Municipal. 

The  Action  of  Water  on  Asphalt  Pavements.*    Daniel  B.  Luten.     (13)  August  16. 

The  Construction  of   Asphalt  Pavements.    Geo.  W.  Tillson,  M.   Am.  Soc.  C.  E.    (14) 

Sept.  1. 
Notes  on  Landscape  Architecture.     (14)  Sept.  8. 
Les  Paves  Artiflciels  et  la  Fabrication  des  Briques  au  Moyen  du  Schiste  Houiller.*  Cyrllle 

Jansens.     (30)  August. 

Railroad. 

Some  Peculiarities  of  Steel  Rails.*    (22)  August  3. 

Railway  B'acksmithing.     (47)  August  4. 

Can  Small  Electric  Railways  be  Operated  at  a  Profit?    James  Blake  Cahoon.    (17)  Serial 

beginning  August  4,  ending  Sept.  1. 
New  Type  of  Piston  Valve.*    (18)  August  11. 
The  Paris  Metropolitan  Underground.*    (27)  August  11. 
The  Utilization  of  Water  Power  for  the  Electric  Railway  System  of  Minneapolis  and  St. 

Paul.*    Edward  P.  Burch.     (17)  August  11. 
The  Bois  de  Boulogne  Combined  Trolley  and  Surface  Contact  Tramway.*    (26)  August 

Notes  on  Electric  Traction.    A.  H.  Binyon.     (47)    August  18. 

Machine  Snow  Plows  on  the  Colorado  Midland  Ry.     (13)  August  23. 

New  York  Central's  Track  Improvement.*    (40)  August  24. 

Rail  Making  Problems.     (22)  August  24. 

Hydraidic  Embankment  Filling,  Canadian  Pacific  Railway.*    ( 18)  August  25. 

Interlocking  System,  New  South  Station  at  Boston.*    (18)  August  25. 

The  Paiis  Metropolitan  Underground  Railroad.*    (46)  August  25. 

Standard.s  of  Track  Construction  on  American  Railways.     (13)  August  30. 

Load  Factors  on  Traction  Stations.    William  H.  Booth.     (26)  August  31. 

Oak  Point  Yard— New  York,  New  Haven  and  Hartford.*    (i5)    August  31. 

The  Proposed  5}^  by  10  M.  C.  B.  Journal  Box.*    F.  M.  Whyte.     ( 25)  Sept. 

Wide  Firebox  10-Wheel  Passenger  Locomotives.*    (25 )  Sept. 

Wightman's  Cylinder  and  Frame  Fastening,  used  by  Pittsburgh  Locomotive  Works  on 

Large  Pittsburgh,  Bessemer  &  Lake  Erie  Locomotives.*    (25)  Sept. 
The  Metropolitan  Railway  of  Paris.*    (17)  Sept.  1. 

Operating  Methods  of  the  Columbus  Railway  Company.*    (17)  Sept.  1. 
Creeping  of  Rails  on  the  St.  Louis  Bridge.     (13)  Sept.  6. 
Back  Lights.     ( i5)  Sept.  7. 

Revision  of  the  Weehavvken  Yards,  New  York  Central.*    (15)  Sept.  7. 
Le  Nouveau  .Material  i\  Bogies  pour  Trains  Rapides  de  la  Compagnie  du  Chemin  de 

Fer  du  Nord.*    M.  Defauconpret.     (38)  July. 
La  Traction  a  Air  Comprim6:  Nouvelles  Installations  en  Cours  d'Ex^cution  a  Paris.    A. 

Monmerqug.     (.^8)  July. 
Le  Funiculaire  de  Montmartre,  a  Paris.*   J.  Laverchere.     {33)  August  11. 
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Sanitary. 

Septic  Sewage  Disposal  at  Liberty,  N.  Y.*    (14)    August  18. 
Deep  Sewer  Trencniug.*    (14)    Sept.  1. 

Structural. 

International  Specifications  and  Bletliods  of  Testing  Iron  and  Steel  from  an  American 
Engineer's  StaTidpdiiit.  William  R.  Webster,  M.  Am.  Soc.  C.  E.  (11)  Serial  beginning 
August  3.  fiiilini;  August  10. 

Testing  Cement  by  the  Modulus  of  Rupture  for  Transverse  Strain.  John  Paterson, 
Assoc.  M.  Inst.  C.  E.     (12)  August  10. 

A  Multiple  Hot  Water  Supply.     (14)  August  11. 

The  Sanitary  Equipment  and  Power  Plant  of  a  Modern  Lodging  House.*  (19)  August 
11. 

Evolution  of  Steel  Casting.     (62)  August  16. 

Blast  Furnace  Smelting  by  Water  Gas.  C.  C.  Longridge,  M.  Inst.  M.  E.  (12) 
Augiist  17. 

Foundry  Flasks.    E.H.Pierce.     (22)  August  17. 

The  Atlantic  Mutual  Insurance  Company's  Building.*    (14)  August  18. 

A  New  Method  of  Blast  Furnace  Construction.*    F.  Burgers.     (16)  August  18. 

The  Relative  Corrosion  of  Wrought  Iron,  Soft  Steel  and  Nickel  Steel.  Henry  M.  Howe. 
(16)  August  18. 

Ventilation  and  Heating  in  the  Metropolitan  Museum  of  Art,  New  York.     (14)  August  18. 

Hydi-auhc  Engineering  in  the  Metropolitan  Power  House.*    (20)  August  S3. 

Experiments  on  the  Relation  of  Stress  and  Strain,  and  Repeated  Stresses.  (47) 
August  25. 

The  Generation  of  Intense  Heat  through  the  Combustion  of  Aluminum.*  S.  B.  Arch- 
deacon.    (16)  Augustas. 

The  Manufacture  and  Care  of  Chilled  Rolls.     (22)  August  31. 

New  Steel  and  Iron  Foundry  of  the  Sargent  Company.*    (15)  August  31. 

On  Wohler's  Laws.    J.Gilchrist.     ( 12)  August  31. 

Standardized  Cast  Iron.     ( 1 1 )  August  31. 

Fire  Hazards.    H.  De  B.  Parsons.    (3)  Sept. 

On  the  Annealing  of  White  Cast  Iron.    Charles  James.     (3)  Sept. 

The  Construction  of  Moisture  Proof  Underground  Chambers.  L.  R.  Grabill.  (13) 
Sept.  (i. 

BuilcUng  for  a  Large  Ice-Making  Plant.*    (14)  Sept.  8. 

The  Hans  A.  Frasch  Electrolytic  Process  for  Extracting  Bletals  as  Applied  to  Copper- 
Nickel  Matte.    (16)  Sept.  8. 

Malleable  Cast  Iron.     (16)  Sept.  8. 

Les  Palais  de  TEsplanade  des  Invalides.*    Louis  Da\'id.    (33)  August  4. 

AppUcations  du  P6trole  k  la  Metallurgie  et  a  I'lndustrie  du  Verre.*  G.  de  Krivochap- 
kine.     (33)  August  25. 

Water  Supply. 

A  New  Rack  and  Other  Improvements  to  the  Feeder  for  the  Middlesex  Company, 
Lowell,  Mass.*    Arthur  T.  Safford.     (1)  July. 

Official  Duty  Tests  of  Pumping  Engines  Nos.  9  and  10,  High-Service  Station  No.  3,  St. 
Louis  Water- Works,  February  15-16  and  36-27,  1900.    Nils  Johnson.     (1)  July. 

Godalming  Water- Works.*    (11)  Serial  beginning  August  3,  ending  August  17. 

Operation  of  the  Water  Settling  and  Filtration  Plant  at  Albany,  N.  Y.     (13)  August  9. 

Tests  of  Centrifugal  Pumps  under  High  Heads.    Lewis  A.  Hicks.     (13)  August  9. 

Water  Measurement  and  3[anipulation  in  Colorado.*    H.  A.  Crafts.     (46)  August  11. 

New  Water- Works  Extension  in  Glasgow.*    J.A.Stewart.     (19)  August  18. 

Report  of  the  Merchants"  Association  on  the  Water  Supply  of  Greater  New  York.  (13) 
August  23. 

The  White  Plains  Water- Works.*    (14)  August  25. 

English  Practice  in  Cleaning  Water  Mains  with  Scrapers  and  Brushes.*    (13)  Augiist  30. 

Experimental  Test  of  a  Concrete  and  Expanded  Metal  Conduit  for  the  Jersey  City  Water 
Supply.*    R.Godfrey.     (13)  August  .30. 

The  Marlborough  Brook  Filter  Beds;  Metropolitan  Water  Supply  for  Boston  and  Vicin- 
ity.    (13)  August  30. 

Niagara  Falls  Works.    Orrin  E.  Dunlap.     (26)  August  31. 

Commercial  Requirements  of  Water-Power  Governing.    Elmer  F.  Cassel.     (9)  Sept. 

Irrigation  in  Idaho.    Waldon  Fawcett.     (46)  Sept.  8. 

Waterways. 

Reservoirs  and  the  Control  of  the  Lower  Mississippi.*    James  A.  Seddon,  M.  W.  S.  E. 

(4)  August. 
The  Improvement  of  the  South  Pass  of  the  Mississippi  River.*    William  Starling,  M.  Am. 

Soc.  C.  E.     (13)  August  23. 
American  Ore  Dock  Machinery.*    Arthur  C.  Johnston.     (10)  Sept. 
The  Improvement  of  Non-Tidal  Rivers  by  Regulation.    (i4)  Sept.  1. 
Travaux  du  Port  Extfirieur  de  Bilbao.*  'L.  Coiseau.     (32)  July. 
L'Achdvement  du  Canal  de  la  Marne  a  la  Saone.*    G.  Leugny.     (36)  August  10. 
Notice  Relative  aux  Travaux  Executes,  a  I'Aide  de  la  Cloche-Plongeur  a  Sas  d'Air,  aux 

Pivots  des  Portes  d'Ebbe  de  rficluse  Maritime  du  Kattendijk,  a  Anvers.*    Pierrot. 

(31)  Pt.  2,  1900. 
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Unless  otherwise  specified,  books  in  tliis  list  have  been  donated  to  the  Library 
by  the  Publisher. 


MUNICIPAL  IMPROVEMENTS. 

A  Manual  of  the  Methods,  Utility  and  Cost  of  Public  Improve- 
ments, for  the  Municipal  Officer.  By  W.  F.  Goodhue.  Third  Edi- 
tion, revised  and  enlarged.  Cloth,  7x5  ins.,  8  -f  207  pp.,  illus.  New 
York,  John  Wiley  &  Sons,  1900.     -Si.  75. 

In  this  work  the  author  has  aimed  to  aid  those  city  officials  who,  while  familiar  with 
the  general  plan  and  scope  of  public  improvements,  are  uninformed  as  to  the  details. 
The  contents  are:  A  Sewerage  System;  Street  Car  Lines:  Street  SprinkUng;  The  Street 
Surface— Pavements  and  Imi^lements;  Uas  Consumption;  Street  Lighting;  Street  Grades; 
A  Water-Works  System;  A  3Iuuicipal  Franchise;  Bridges;  Methods  of  Assessment 
Against  Real  Estate:  Building  Laws  and  Ordinances:  Cleanliness  and  Public  Health; 
Public  Cemeteries;  Public  Parks:  A  Public  Library;  Elevated  Traffic  vs.  Subways;  Civil 
Service  Appointments;  Municipal  Ownership. 

THE  WATER  SUPPLY  OF  THE  CITY  OF  NEW  YORK. 

An  Inquiry  into  the  Conditions  Relating  to  the  Water  Supply  of 
the  Citv  of  New  York.  By  The  Merchants'  Association,  of  New  York. 
Cloth,  9  X  6ins.,  627  pp., 'maps.  New  York,  1900.  $3.00.  (Donated 
by  the  Merchants'  Association.) 

NEW  YORK'S  WATER  SUPPLY. 

Report  upon  New  York's  Water  Supply;  with  Particular  Refer- 
ence to  the  Need  of  Procuring  Additional  Sources,  and  their  Probable 
Cost,  with  Works  Constructed  under  Municipal  Ownership,  Made  to 
Bird  S.  Coler,  Comptroller,  by  John  R.  Freeman,  C.  E.,  March  23d, 
1900  (with  notes  added  while  revising  proof-sheets).  Cloth,  10  x  7 
ins.,  587  pp.,  pi.,  maps.  New  York,  Martin  B.  Brown  Co.,  1900. 
(Donated  by  the  Author.) 

DAS  EISBRECHWESEN  IM  DELTSCHEN  REICH. 

Auf  Veranlassung  des  Koniglich  Preussischen  Herrn  Ministers  der 
Offentlichen  Arbeiten,  dargestellt  von  M.  GiJrz  und  M.  Buchheister. 
Cloth,  11  x  8  ins.,  243  pp.,  46  pi.,  illus.  Berlin,  A.  Asher  &  Co., 
1900.      (Donated  by  Paul  Glasenapj). ) 

SCHIFFSWIDERSTAND  UND  SCHIFFSBETRIEB. 

Nach  Versuchen  auf  dem  Dortmund-Ems-Kanal  im  Auftrage  des 
Herrn  Ministers  der  Offentlichen  Arbeiten,  bearbeitet  von  R.  Haack, 
Ingenieur  und  Konigl.  Baurath.  |  mor.,  text  14  x  10  ins.,  2  atlases 
28  X  22  ins.,  illus.  Berlin,  A.  Asher  &  Co.,  1900.  (Donated  by  Paul 
Glasenapp. ) 
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DONATIONS  TO  THE  LIBRARY. 

From  Jan.  Ist,  1899,  to  Sept.  1st,  1900. 

(Total  Additions,  2  656.) 


Aachen     Ki)nif!;liehe     Technische     Hoch- 

schiile.     I  ])ain. 
Ala.  Imlustrial  and  Sci.  Soc.     2  pam. 
Alaska  IMexicaii  (lold  Mining  Co.    3  pam. 
Alaska  Treadwell  Gold  Jlining  Co.     2  pam. 


Alaska  United  (lold  Miinns  Co. 


:  pam. 


Albany  Board  of  Water  Comnirs.     1  vol. 

Allen.  Kenneth.     1  pam. 

Alien.  ;Miss  L.  D.     1  bound  vol. 

Allison  31fjj;.  Co.    1  pam. 

Alvord,  John  VV.     1  vol. 

Am.  Assoc,  of  Inventors  and  Man.    3  pam. 

Am.  Carbonated  Cement  Co.    1  pam. 

Am.  Inst,  of  Arch.    2  pam. 

Am.  Inst,  of  Elec.  Engrs.    3  bound  vol. 

Am.  Inst,  of  Min.  Engrs.    2  bound  vol.,  134 

pam. 
Am.  Phil.  Soc.    1  pam. 
Am.  Ry.  Assoc.    2  bound  vol. 
Am.    Ry.    Eng.  and  Maintenance-of-Way 

Assoc.     1  pam. 
Am.  Soc.  for  Prevention  of  Cruelty  to  Ani- 
mals.   2  pam. 
Am.  Soc.  of  Mech.  Engrs.    5  bound  vol.,  46 

pam. 
Am.  Soc.  of  R.  R.  Supts.    1  pam. 
Am.  Water-Works  Assoc.    6  pam. 
Amsterdamsche     Fabriek     van     Cement 

Werker.    2  phot. 
Andrevrs,  Horace.    1  pam. 
ArgoUo,  Miguel  de  Teive  e.     1  bound  vol.,  1 

pam. 
Ashbridge,  Samuel.    7  bound  vol.,  4  pam. 
Associacao  dos  Engenheiros  Civis  Portu- 

guezes.    1  pam. 
Assoc.   Amicale    des   Anciens    fileves    de 

TEcole  Centrale.    2  vol. 
Astronomical  Soc.  of  the  Pacific.     1  pam. 
Atchison,  Topeka  &  Santa  F6  Ry.  Co.    1 

pam. 
Australasian  Inst,  of  Min.  Engrs.     1  vol.,  8 

pam. 
Bailey,  George  I.    1  pam. 
Baillairgg,  Charles.    .5  bound  vol.,  18  pam. 
Baird,  J.  W.    64  bound  vol. 
Baker,  F.  M.    2  bound  vol. 
Baker,  Ira  O.    1  bound  vol.,  1  vol.,  1  pam. 
Baldwin,  W.  J.    2  bound  vol. 
BaraveUi,  G.  C.    1  pam. 
Bardol,  F.  V.  E.    2  pam. 
Barschall  Impregnating  Co.    1  pam. 
Belgium-Officiers   du    Genie    de    PArmge 

Beige.    1  pam. 
Benzenberg,  G.  H.    1  pam. 
Berg,  Louis  De  Coppet.    2  bound  vol.,   1 

pam. 
Berlin  Kcinigliche  Technische  Hochschule. 

1  vol.,  7  pam. 
Bernard  et  Cie,  E.    1  vol. 
Bissel,  H.    1  pam. 

Boston  Board  of  Commrs.  of  the  Dept.  of 

Parks.    3  pam. 
Boston  Pub.  Lib.    2  pam. 
Boston  Soc.  of  Civ.  Engrs.    2  pam. 
Boston  Transit  Comm.    2  bound  vol. 
Bowers,  George.    2  pam. 
Bowles,  Francis  T.    1  bound  vol. 
Boyveau  et  Chevillet.    1  bound  vol.,  1  pam. 
Brit.  Assoc,  for  the  Advancement  of  Sci. 

2  bound  vol. 


Brown  Hoisting  &  Conveying  Machine  Co. 

1  bound  vol.,  1  pam. 
Buck,  Leffert  L.     3  vol. 
Budd,  Henry  I.    1  pam. 
Burton,  T.  E.    1  pam. 
Cairns,  Robert  A .    1  pam. 
Cal.  Acad,  of  Sci.    1  vol.,  1  pam. 
Cal.  State  Min.  Bureau.    8  pam.,  1  map,  1 

sheet  of  statistics. 
Camera  Club,  N.  Y.  City.    1  bound  vol. 
Canadian  Inst.     1  vol. 
Canadian  Min.  Inst.    3  vol. 
Canadian  Soc.  of  Civ.  Engrs.    3  pam.,  2  voL 
Cappelen,  F.  W.    1  pam. 
Carnegie  Steel  Co.    2  bound  vol. 
Carson,  W.  W.    1  pam. 
Chicago  Comm.  of  Pub.  Works.    1  pam. 
Cincinnati    Comm.    of    Water-Works.      I 

bound  vol. 
Cincinnati  Corrugating  Co.    1  pam. 
Cincinnati  Pub.  Lib.    2  pam. 
Cisneros,  F.  J.    28  bound  vol.,  1  vol. 
Clapp,  Otis  F.    2  pam. 
Clark,  Forde  &  Taylor.    2  bound  vol. 
Clarke,  W.  W.  &  Son.    1  bound  vol. 
Clay,  A.  S.    3  pam. 
Cohen,  Mendes.    1  bound  vol. 
Cole,  H.  J.    1  pam. 
Coleman,  Clarence.    1  copy  of  plans  and 

specif. 
CoUegio  degli  Architetti  ed  Ingegneri  in 

Firenze.    1  vol. 
Colo.  Agricultural  Exper.  Station.    8  pam. 
Compagnie  Nouvelle  du  Canal  de  Panama. 

4  pam. 
Vlle  Congres  International  de  Navigation, 

Brussels,  1898.    1  bound  vol. 
Conn.  R.  R.  Commrs.    2  bound  vol. 
Conn.  State  Board  of  Health.    2  bound  vol. 
Coombs,  Z.  I.     13  vols. 
Corcoran,  A.  J.    1  pam. 
Cooper  Union.    1  pam. 
Corthell,  E.  L.    11  pam.,  21  plans,  2  maps, 

14  phot. 
Corti,  Jos6  S.    1  pam. 
Craudall,  C.  L.    1  vol. 
Croes,  J.  James  R.    3  pam. 
Currier,  C.  Oilman.    1  vol. 
Danilewski,  K.  I.    1  pam. 
Delmas,  Marcel.    2  pam. 
Depew,  Chauncey  M.    1  pam. 
Detroit  Board  of  Water  Commrs.    2  pam. 
Detroit  Eng.  Soc.    1  bound  vol. 
Detroit  Graphite  Mfg.  Co.    1  pam. 
Deutsch-Amerikaniscber     Techniker-Ver- 

band.    2  vol.,  1  pam. 
Du  Bois,  A.  J.    3  bound  vol. 
Dunham,  H.  F.    1  pam. 
Dyckerhoff  und  Sohne.    1  vol. 
Elec.   World  &  Engr.  Pub.  Co.,  6  bound 

vol. 
Endicott,  Mordecai  T.    16  pam. 
Eng.  Assoc,  of  New  South  Wales.    1  bound 

vol. 
Eng.  Mag.  Pub.  Co.    1  pam. 
Eng.  News  Pub.  Co.    52  bound  vol.,  9  vol.', 

8  pam. 
Eng.  Record.    1  bound  vol. 
Eng.  Soc.  of  the  School  of  Practical  Science, 

Toronto.    2  vol. 
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Engrs.  Club  of  Cincinnati.    2  pam. 

Engrs.  Club  of  New  York.    2  bound  vol. 

Engr.s.  Club  of  Philadelphia.    2  bound  vol. 

Fanning,  J.  T.    1  bound  vol. 

Ferree,  Barr.    1  bound  vol. 

Ferreira,  Adeliuo  A.    1  pam. 

Field,  John  E.    1  pam. 

Fisher,  Jauon.    33  bound  vol.,  6  vol. 

FitzGerald,  Desmond.    1  bound  vol,  2  pam. 

Fletcher,  Robert.    2  vol. 

Force,  C.  G.    Specif. 

Fowler,  C.  N.    1  pam. 

France — Commission  des  Annales  des 
Fonts  et  Chauss6es.    1  vol. 

France— Ministfere  des  Travaux  Publics.  1 
bound  vol.,  1  vol. 

Freeman,  John  R.    1  bound  vol.,  1  pam. 

Fteley,  A.     1  bound  vol. 

Fuller,  George  W.    1  bound  vol. 

Gaudard,  Jules.    2  pam. 

Gemmell,  R.  C.    1  pam. 

Glasenapp,  Paul.    5  bound  vol. 

Goad,  Charles  E.    1  bound  vol. 

Goldmark,  Henry.    2  pam. 

Goodyear,  C.  P.    6  pam. 

Graves,  Edwin  D.    1  vol. 

Graves,  W.  J.    1  pam. 

Great  Britain— Comptroller-Gen.  of  Pat- 
ents, Designs  and  Trademarks.  1 
bound  vol. 

Great  Britain— Under  Sec.  of  State.    1  vol. 

Great  Britain— Under  Sec.  of  State  for 
India.    3  vol. 

Greene,  Charles  E.    1  bound  vol. 

Greene,  George  S.,  Jr.  4  bound  vol.,  1  vol., 
25  pam.,  2  maps. 

Grille,  Antoine.    10  bound  vol.,  10  vol. 

Haines,  H.  S.    2  bound  vol.,  22  pam. 

Haines,  John  P.    1  pam. 

Hammer,  William  J.    1  pam. 

Hannover  Konigliche  Technische  Hoch- 
schule.    3  pam. 

Hartwell,  Daniel  A.    1  pam. 

Harvard  Club,  of  N.  Y.  City.    2  bound  vol. 

Harvard  Univ.    1  bound  vol.,  1  vol. 

Haupt,  Lewis  M.    2  bound  vol.,  20  pam. 

Hawes,  Louis  E.    1  pam. 

Hawley,  W.  C.    2  pam. 

Hay  croft,  J.  I.    3  pam. 

Hayford,  John  F.    2  pam. 

Henderson,  J.  B.    2  pam. 

Hill,  Edwin  A.    1  pam. 

Hill,  John  W.    1  bound  vol.,  2  pam. 

Hobson,  Joseph.    1  bound  vol. 

HiU,  William  R.    1  bound  vol.,  4  pam. 

Hodgdon,  Frank  W.    3  bound  vol. 

Hoech,  Theodor.    1  bound  vol.,  1  vol. 

Holman,  M.  L.    1  pam. 

Hopkins,  Thatcher  &  Dolph.    1  pam. 

How,  Richard  Willis.    1  bound  vol. 

Howe,  Malverd  A.     1  bound  vol. 

Humphrey,  Richard  L.    1  pam. 

Hunt,  Charles  Wallace.    1  pam. 

Hunt,  Charles  Warren.    6  pam. 

Hunt,  William  T.    1  pam. 

Hutton,  William  Rich.  1  bound  vol.,  4  vol., 
9  pamph. 

Hyde,  A.  L.    1  pam. 

lU.  Soc.  of  Engrs.  and  Surv.    2  pam. 

India  Pub.  Works  Dept.    1  vol. 

Ind.  Eng.  Soc.    1  pam. 

Inst,  of  Marine  Engrs.    2  bound  vol. 

Inst,  of  Civ.  Engrs.'    7  bound  vol.,  16  pam. 

Inst,  of  Engrs.  and  Shipbuilders  in  Scot- 
land.   1  bound  vol. 

Inst,  of  Junior  Engrs.    3  bound  vol. 

Inst,  of  Mech.  Engrs.    1  pam. 

Inst,  of  Sui-v.,  New  South  Wales.    1  pam. 


Inst,  de  Injenieros  de  Santiago  de  Chile.    1 

pam. 
Intercontinental  Ry.  Comm.    7  bound  vol. 
International  Assoc,  for  Testing  Materials, 

American  Section.     18  pam. 
International  Ry.  Cong.    1  vol. 
Iowa  State  Lib.    3  pam. 
Iron  and  Steel  Inst.    4  bound  vol.,  4  pam. 
Italy-Ministero  dei  Lavori  Pubblici.    3  vol. 
Jackson,  William.    1  pam. 
James  River  Construction  Co.    1  pam. 
Japan  Imperial  Earthquake  Investigation 

Com.    2  vol. 
The  John  Crerar  Lib.    2  pam. 
Johnson,  C.  R.    1  pam. 
Johnson,  F.  R.    1  pam. 
Kansas  Univ.    5  vol. 
Keefer,  T.  C.    2  pam. 
Kennedy,  John  H.    2  pam. 
Kiersted,  Wynkoop.    1  bound  vol. 
Koninklijk  Inst,  van  Ingenieurs.    1  bound 

vol.,  5  pam. 
Kummer,  F.  A.    1  bound  vol. 
Kunz.  F.  C.    1  pam. 
Lake  Shore  &  Michigan  Southern  Ry.  Co., 

4  pam. 
LeBaron,  J.  F.    1  map. 
LeClere,  Francis.    1  bound  vol. 
Lehigh  Univ.    1  pam. 
Leicester,  Eng.— Borough  Surv.    1  bound 

vol. 
Leisen,  Theodore  A.    2  bound  vol. 
Lesley,  R.  W.    1  pam. 
Leutze,  Trevor  C.    9  bound  vol.,  1  map. 
Lindhout,  L.  K.    1  bound  vol. 
Liverpool  Eng.  of  Water-Works.    1  bound 

vol. 
Liverpool  Eng.  Soc.    1  vol. 
Lottering,  T.  B.    1  pam. 
La.  State  Board  of  Eng.    1  pam. 
McCaUa,  R.  C.    Specif. 
McGiU  Univ.    1  bound  vol. 
McKim,  Alex.  Rice.    2  vol. 
Madras  Pub.  Works  Dep.    1  bound  vol.,  2 

vol. 
Me.  R.  R.  Commrs.    1  bound  vol. 
Manchester  Steam  Users'  Assoc.    1  pam. 
Manson,  Marsden.    1  bound  vol. 
Marstrand,  O.  J.    1  bound  vol. 
Martin,  C.  C.    1  pam. 

Martin,  Wisner  B.    2  vols..  1  pam.,  12  maps. 
Mass.  Agricultural  Coll.    3  pam. 
Mass.  Board  of  R.  R.  Commrs.    2  bound 

vol. 
Mass.   Bureau  of  Statistics  of    Labor.    2 

bound  vol. 
Mass.  Inst,  of  Technology.    4  pam. 
Mass.  Metropolitan  Park  Comm.    2  bound 

vol. 
Mass.  MetropoUtan  Sewerage  Commrs.    4 

bound  vol.,  1  pam. 
Mass.  Metropolitan  Water  Board.    2  bound 

vol. 
Mass.  State  Board  of  Health.    1  bound  vol. 
Mass.  Topographical  Surv.  Comm.  3  bound 

vol. 
Master  Car  Builders'  Assoc.    1  pam. 
Mayne,  Charles.    1  vol. 
Mead,  Daniel  W.    2  pam. 
Mead,  Elwood.    5  pam. 
Mellville,  George  W.    11  pam. 
Merchants'  Assoc,  of  New  York.    1  boimd 

vol. 
Mich.  Coll.  of  Mines.    1  pam. 
Mich.  Lake  Superior  Power  Co.    2  specifi- 
cations. 
Mich.  Univ.    3  pam. 
Miller,  A.  M.    1  vol. 
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Minneapolis  City  Eng.    1  pam. 

Miss.  River  Comni.    1  vol.,  Spam. 

Moncrieff,  A.  B.    1  vol. 

Mont.  Soc.  of  Eng.    2  pam. 

Montreal  City  Corporation.    5  bound  vol. 

Moore,  F.  C.    2  pam. 

Morley,  Fred.    1  pam. 

Murdoek,  William.    3  pam. 

Museu  Nacional  do  Rio  de  Janeiro.    2  vol. 

Nagle,  J.  C.    1  pam. 

Nelles,  G.  T.    1  pam. 

Nelson,  James  B.     1  pam. 

New  England  Cotton  Man.  Assoc.    1  bound 
vol.,  1  vol. 

New  England  Free  Trade  League.    20  pam. 

New  South  Wales  Gov.  Board  for  Interna- 
tional Exchanges.    2  bound  vol. 

New  South  Wales  Ry.  Commrs.    1  vol. 

N.  Y.  Central  &  Hudson  River  R.  R.  Co.   2 
pam.,  1  map. 

New  York  City  Comptroller.    1  bovmd  vol. 

New  York  City  3Ieteorological  Observa- 
tory.    3  bound  vol. 

N.  Y.  Filter  Mfg.  Co.    1  bound  vol.,  1  pam. 

N.  Y.  State  Board  of  R.   R.   Commrs.    4 
bound  vol.,  1  pam. 

N.  Y.  State  Committee  on  Canals.    2  vol. 

N.  Y.  State  Comptroller.    5  pam. 

N.  Y.  State  Eng.  and  Surv.    1  bound  vol. 

N.  Y.  State  Fisheries,   Game  and  Forest 
Coram.    1  bound  vol.,  3  pam,,  1  map. 

N.  Y.  State  Lib.    2  bound  vol.,  1  pam. 

N.  Y.  State  Reformatory.    2  pam. 

N.  Y.  State  Univ.    1  bound  vol.,  7  pam. 

New  Zealand  Registrar-General.    1  bound 
vol.,  3  pam. 

New  Zealand  Scenery  Pub.  Co.    2  pam. 

Newton,  Mass.,  City  Eng.     1  pam. 

North,  Edward  P.    2  bound  vol.,  1  vol.,  11 
pam..  2  specif. 

North-East  Coast  Inst,  of  Eng.  and  Ship- 
builders.   1  bound  vol. 

Norlh-West  Territories  of  Canada,  Dept. 
of  Pub.  Works.    1  bound  vol.,  3  pam. 

Nova  Scotian  Inst,  of  Sci.    2  pam. 
Oesterreichischer  Ingenieur-    und  Archi- 

tekten-Verein.    2  voL 
Ohio  Soc.  of  Surv.  and  Civ.  Eng.    1  pam. 
Osborn.  Frank  C.    1  bound  vol. 

Owen,  James.    1  pam. 

Paine,  Charles.    1  bound  vol. 
Paine,  George  H.    1  bound  vol. 
Parsons,  Wm.  Barclay.    2  vol. 
Patterson.  S.  F.    1  pam. 

Penn.  R.  R.  Co.    2  pam. 

Penn.  Univ.    2  vol. 

Philadelphia  Citizens'  Municipal  Assoc.     1 

pam. 
Philadelphia  Commercial  Museum.    3  pam. 
Phil.  Soc.  of  Glasgow.    1  pam. 
Pittsburg  Filtration  Comm.    1  bound  vol. 
Poor,  H.  V.  &  H.  W.    1  bound  vol. 
Post.  J.  W.    1  bound  vol. 
Pratt  Inst.  Free  Lib.    5  pam. 
Purdue  Univ.    2  vol.,  1  pam. 
Purdy,  C.  T.    1  pam. 
Putnanrs  Sons,  G.  P.    1  bound  vol. 
Putnam,  G.  R.    1  pam. 
Bafter,  Geo.  W.    2  vol.,  14  pam. 
Railroad  Gazette.     1  bound  vol. 
Railway  World  Pub.  Co.    1  bound  vol. 
Reece,  Benjamin.    1  pam. 
Rice,  Herbert  L.     1  bound  vol. 
Richardson.  Clifford.     1  pam. 
Ricketts,  Palmer  C.     1  bovmd  vol. 
Rix,  Edward  A.    1  bound  vol. 
Roadmasters'  Assoc,  of  Amer.    3  pam. 
Roberts,  Alfred  H.    1  bound  vol. 


Roberts,  S.  A.    1  pam. 
Robinson,  A.  W.     1  bound  vol. 
Rochester  Executive  Board.    1  pam. 
Roebling  Construction  Co.    1  bound  vol. 
Rome,  R.  University  Romana,  Scuola  d' 

Applicazione  per  gl'Ingegneri.    2pam. 
Royal  Soc.  of  Canada.    1  bound  vol.,  1  pam. 
Royal  Soc.  of  New  South  Wales.    1  vol. 
Rust,  Charles  H.    1  pam. 
St.  Bride's  Press,  Ltd.    10  bound  vol. 
St.  Louis  Merchants'  Exchange.    1  bound 

vol,  6  vol. 
St.  Louis  Pub.  Lib.     1  vol. 
St.  Paul  Board  of  Water  (3ommrs.    2  pam. 
Salmagundi  Club,  New  York  City.    1  bound 

vol. 
San  Francisco  Board  of  Supervisors.     2 

bound  vol. 
Sandberg,  C.  P.    1  pam. 
Schweizerischer  Ingenieur-  und  Architek- 

ten-Verein.    2  bound  vol. 
Scientific  Pub.  Co.    4  bound  vol. 
Sheldon,  Henry  I.    1  bound  vol. 
Sibley  Journal,  Cornell  Univ.    1  pam. 
Skiff,  F.  J.  V.    2  pam. 
Smiley,  Albert  K.     1  pam. 
Smith,  Jared  A.    Spam. 
Smith,  Walter  M.    4  pam. 
Smithsonian  Inst.    4  bound  vol.,  1  vol. 
Soc.  Cientifica  Argentina.    1  pam. 
Soc.  de  Ingenieros  Peru.    1  pam. 
Soc.   Beige  des  IngSnieurs  et  des  Indus- 

triels.    2  vol.,  2  pam. 
Soc.  des  Ingenieurs  Civils  de  France.    1 

bound  vol.,  2  vol. 
Soc.  of  Eng.    2  bound  vol. 
Soc.  of  Naval  Arch,  and    Marine    Eng.    1 

boUnd  vol.,  13  pam. 
South  African  Assoc,  of  Eng.    1  vol. 
South    African    Republic- Dept.    van   het 

Mijnwesen.    2  pam. 
Spon  &  Chamberlain.    8  bound  vol.,  1  pam. 
Spring,  F.  J.   E.    2  bound  vol.,  1  vol.,  4 

pam. 
Springer,  Julius.    1  bound  vol. 
Steckel,  R.    2  vol.,  1  pam. 
Steward,  Herbert.    11  bound  vol.,  1  pam. 
Stoek,  H.  H.    1  pam. 
Stone,  E.  H.    1  bound  vol. 
Stowell,  F.  C.     1  pam. 

Sturtevant  Co.,  B.  F.    1  bound  vol.,  3  pam. 
Suplee,  H.  H.     1  boimd  vol. 
Svenska  Teknologf oreningen.    2  pam. 
Syracuse  Univ.    1  vol.,  1  pam. 
Taber,  Geo.  A.     1  bound  vol. 
Talbot,  Arthur  N.    1  pam. 
Tatnall,  George.    16  vol. 
Tenn.  Univ.    1  vol. 
Thayer  School  of  Civ.  Eng.,  Darmouth  Coll. 

1  pam. 
Thompson,  R.  A.    2  pam. 
Thurston.  R.  H.    5  bovmd  vol.,  14  pam. 
Tindale,  Stewert.    2  bound  vol. 
Tokyo  Imperial  Univ.    1  vol. 
Tow'nsend,  T,  F.    1  pam. 
Tratman,  E.  E.  Russell.    1  bound  vol. 
Trautwine,  J.  C,  Jr.     1  vol.,  2  pam. 
Trustees  of  Phoebe  A.  Hearst  Architectural 

Plan.  San  Francisco,  Cal.    1  bound  vol. 
Tutein-Nolthenius,  R.  P.  J.    1  bound  vol., 

3  pam. 
Tuttle,  Arthur  S.    1  vol. 
Tyrrell,  H.  G.    1  pam. 
Union  Surety  &  Guaranty  Co.    1  pam. 
U.   S.  Bureau   of   Foreign    Commerce,    6 

pam.,  3  bound  vol.,  1  vol. 
U.  S.  Bureau  of  Statistics.    3  bound  vol.,  9 

vol.,  4  pam. 
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U.  S.  Bureau  of  Yards  and  Docks.    Specif. 
U.  S.  Civil  Service  Comm.    2  bound  vol. 
U.  S.  Coast  and  Geodetic  Surv.    2  bound 

vol.,  6  pam. 
U.  S.  Corps  of  Engrs.    14  bound  vol.,  236 

pam.,  1  atlas,  417  specif. 
U.  S.  Dept.  of  Agriculture.    4  pam. 
U.  S.  Dept.  of  Labor.    1  pam.,  1  bound  vol. 
U.   S.  Geological  Surv.    24  bovind  vol.,  1 

vol.,  19  pam.,  12  atlases,  247  maps. 
U.  S.  Interior  Dept.    3  bound  vol. 
U.  S.  Interstate  Commerce  Comm.    1  bound 

vol.,  1  pam. 
XJ.  S.  Nautical  Almanac  Office.    3  bound 

vol.,  3  vol.,  1  pam. 
U.  S.  Naval  Observatory.    2  pam. 
XJ.  S.  Navy  Dept.    1  vol.,  13  pam. 
U.  S.  Office  of  Naval  Intelligence,  3  pam. 
U.  S.  Ordnance  Dept.    1  bound  vol.,  2  pam. 
U.  S.  Patent  Office.    1  vol. 
U.  S.  State  Dept.    4  bound  vol.,  1  pani. 
U.  S.  Supt.  of  Documents.    3  pam. 
U.  S.  Treasury  Dept.    3  bound  vol.,  1  vol. 
U.  S.  War  Dept.    1  bound  vol. 
U.  S.  War  Dept.,  Dept.  of  Havana,  Cuba. 

2  pam. 
U.  S.  Weather  Bureau.    3 bound  vol.,  3  vol., 

4  pam. 
Valentini,  Carlo.    2  pam. 
Van  Nostraud  Co..  D.    7  bound  vol. 
Verein  Deutscher  Ingenieure.    1  pam. 


Vernon-Harcourt,  L.  F.    2  pam. 
Victoria  Chamber  of  Mines.    2  pam. 
Waddell,  J.  A.  L.    1  bound  vol. 
Walker,  John  G.    1  bound  vol.,  1  atlas. 
Walker,  John  Shaw.    2  vol. 
Walker,  John  Simpson.    1  pam. 
Wallace,  J.  F.    1  bound  vol.,  1  vol. 
Ward,  Lebbeus  B.    19  bound  vol.,  5  vol.,  & 

pam.,  specif. 
Webster,  George  S.    2  bound  vol.,  1  pam. 
Webster,  William  R.    1  bound  vol. 
Wells,  Lionell  B.    1  vol. 
Western  N.  Y.  Car  Service  Assoc.    1  pam. 
Western  Soc.  of  Eng.    2  pam. 
Whipple,  George  C.    4  pam. 
Whittaker,  Thomas.    1  bound  vol. 
Wiley,  John  &  Sons.    25  bovmd  vol. 
Wilgus,  J.  E.    1  vol. 
Williams,  J.  H.  &  Co.    1  bound  vol. 
Wilson,  W.  P.    1  pam. 
Wis.  Geological  and  Natural  History  Surv. 

1  pam. 

Wis.  Univ.    1  pam. 

Wisner,  George  Y.    1  pam. 

Woodbury,  C.  J.  H.     1  pam. 

Woods,  H.  D.    1  pam. 

Unknown   Donors.    1  bound  vol.,  7  pam., 

specif. 
Obtained  by  Purchase.    2  bound  vol. ,  1  vol. , 

2  pam. 


Note.— In  future,  the  list  of  donations  to  the  Library  will  be  pubUshed  monthly. 
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MEMBERSHIP. 


ADDITIONS. 

MEMBEKS. 

Bakboub.  Feank  Alexandee,  Date  of 

Firm,  Snow  and  Barbour,  1121  Tremont  Building,  Boston,      Membership. 

Mass Sept.    5,  1900 

HowEix,  Datid  Jannex, 

Office,  Howell  and  Taylor,  605  Twelfth  St.,  N.  W.,  Wash- 

ington,  D.  G   Sept.    5,   1900 

Lucas,  Eugene  Willett  Van  Couet, 

Capt.,  Corps  of  Engrs.,  U.  S.  A.,  U.  S.  Engrs.  J  Assoc.  M.     April    3,  1895 

Office,  Wilmington,  N.  C 1  M.  Sept.    5,  1900 

Talbott,  Haeey  Elstnee, 

Dayton,  Ohio June     6,  1900 

"Walker,  Elton  David,  /  Jun.  Oct.      4,  1892 

Asst.  Prof.,    Civ.   Eng.,   Union    College,    12  j  Assoc.  M.     June     1,  1898 

Gillespie  St.,  Schenectady,  N.  Y (  M,  Sept.    5,   1900 

Weston,  Chaeles  Valentine, 

Chf.    Eng.,   Northwestern    Elevated    Railroad   Co.,    973 

Adams  St.,  Chicago.  Ill Sept.    5,  1900 

assoclate  membees. 

BouENE,  Thomas  Johnstone, 

10  Victoria  St.,  Westminster,  S.  W.,  London,  England. . .     Feb.     7,  1900 
Chaelswoeth,  William  Saxon, 

Eng.   and    Surveyor,  Opotiki  County   Council,    Opotiki, 

New  Zealand -     Nov.     1,  1899 

McCaustland,  Elmee  James, 

Instructor,   Civ.  Eng.,  Cornell  Univ.,    119   Quarry  St., 

Ithaca,  N.  Y Sept,    5,  1900 

MuEPHT,  Edwaed  Chaeles, 

Hydrographer,   U.   S.   Geol.  Survey,  409  S.  Aurora  St., 

Ithaca,  N.  Y Sept,    5,  1900 

Spencee,  Theodoee  Nelson, 

Asst.  Eng.  in  charge  Middle  Section,  Pennsylvania  Ave. 

Subway,  1821  Mt.  Vernon  St.,  Philadelphia,  Pa Sept.    5,  1900 

JUNIOES. 

Enos,  Geoege  Wallace, 

27  William  St.,  New  York  City Mar.     6,  1900 

Hall,  Feedeeic  Feancis, 

Care  of  L.  V.  W.  Brown,  "The  Anchorage,"  Eiverside, 

Cal  June     5,1900 

Paekee,  Asa  Waeeen, 

2d  Ave.  and  67th  St  ,  Brooklyn,  N.  Y Sept.  11,  1900 
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CHANGES  OF  ADDRESS. 

MEMBEBS. 

Aiken,  William  Augustin General  Inspector  of  Material,  Eapid  Tran- 

sit   R.   R.   Commissioners,    City   of  New 
York,  613  Empire  Bldg.,  Pittsburg,  Pa. 

Appleton,   Thomas Care  of  U.  S.  Life  Saving  Service,  17  State 

St.,  New  York  City. 

Beahan,  Willaed  1238  Oak  Ave.,  Evanston,  111. 

Bell,  Gilbert  James Asst,  Eng.,   A.   T.   &  S.   F.  Ey.,    325  East 

Main  St.,  Galesburg,  111. 

Beown,  Gillmok  Chf.  Eng.,  Ohio   Val.  Elec.  Ry.  Co.,  Pome- 

roy,  Ohio. 

BuTLEE,  Matthew  Joseph 22      Wellington      Place,      Toronto,      Ont., 

Canada. 

Cattell,  William  Ashburner.  .  .52  Broadway,  New  York  City. 

Clarke,  David  Destee Eng.,  Water   Committee,    City   Hall,    Port- 
land, Ore. 

CoNNETT,  Albert  Neumann Chf    Eng.,   J.    G.    White   &  Co.,   Ltd.,   22 

College  Hill,  Cannon  St.,  London,  Eng- 
land. 

Ceawfoed,  William P.  O.  Box  345,  Ottawa,  Ont.,  Canada. 

Dunn,  James Chf.  Eng.,  Santa  Fe  System,  Great  Northern 

Bldg.,  Chicago,  111. 

Elliott,  Chaeles  Gleason Sistersville,  W.  Va. 

FoLLETT,    William   W 537  Pearl  St.,  Denver,  Colo. 

Hayt,  Stephen  Thurston,  Jr . . .  .267  Chemung  St.,  Corning,  N.  Y, 

Kimball,  George  Henry   Chf.  Eng.,  Pere  Marquette  E.  R.  Co.,  De- 
troit, Mich. 

King,  Paul  Soubin 25  West  23d  St.,  New  York  City. 

KuNz,  Frederic  Charles Asst.  to  \"ice-Prest.,  Eng.  Dept.,  American 

Bridge   Co.,    100    Broadway,    New    York 
City. 

Long,  Thomas  John Vice-Pres.   and   Eng.,    Atlantic,    Gulf   and 

Pacific  Co.,  Park  Row  Bldg.,  New  York 
City. 

McKay,  John  Edwards First  Asst.  Eng.,   Croton  Aqueduct,    13-21 

Park  Row,  New  York  City. 

Mills,  Arthur  Lorenzo 2132  Glenwood  Ave.,  Toledo,  Ohio. 

Norton,  John  Talcott Care    of    Cuba    Co.,    Canto    Embarcadero, 

Cuba. 

Eogge,  John  Charles  Lewis  ....Pres.   and   Man.,   The  Contractors'  Supply 

Co.,   Webster  Ave.  and  East   198th  St., 
New  York  City. 

Sarin,  Alpheus  Timothy Asst.   Eng.,   111.  Cent.   E.  E.  Co.,  Fulton, 

Ky. 

Spalding,  Frederick  Putnam  ...Prof.,  Civ.  Eng.,  Univ.   of  Missouri,    Col- 
umbia, Mo. 
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Van  der  Hoek,  Jacobus 25  Ripley  Place,  Buffalo,  N.  Y. 

WHrNERT,  Samuel Cons.  Eng.,  11  Broadway,  New  York  City. 

Wiley,  William  Halsted 45  East  19th  St.,  New  York  City. 

associate  members. 

Andkos,  Frederic  William Cbf.   Eng.,    Ferrocarril    de    Chihuahua    al 

Pacifico,  Aparfado  40,  Chihnahn,  Mexico. 

Bryan,  Kennerley Care  of  Otis  Elevator  Co.,  Mills  Bldg.,  San 

Francisco,  Cal. 

Chambers,  Frank  Taylor Civ.   Eng.,    U.    S.   N.,    Bureau   Yards   and 

Docks,  Dept.  of  the  Navy,  Washington, 
D.  C. 

Cory,  Harry  Thomas Eng.  Dept.,  Univ.  of  Cincinnati,  Cincin- 
nati, Ohio. 

Cunningham,  Paul  Davis Cons.  Eng.,  International  (Water)  Boundary 

Commission,  U.  S.  and  Mexico,  El  Paso, 
Tex. 

Davis,  Arthur  Lincoln American  Bridge  Comi^any,  100  Broadway, 

New  York  City. 

Greene,  Robert  Masson Firm,  Foster  and    Greene,   133   Fifth  Ave. 

(Res.  120  Riverside  Drive),  New  York 
City. 

Harrington,  Ferdinand  Finney  .Asst.      Eng.,     Michigan      Lake      Superior 

Power  Co.,  Sault  Ste.  Marie,  Mich. 

Lentilhon,  Eugene 489  Fifth  Ave.,  New  York  City. 

LocKwooD,  Willard  Datus Care  of  Isthmian  Canal  Commission,  Wash- 
ington, D.  C. 

Long,  Eugene  McLean 239  West  52d  St.,  New  York  City. 

Mogensex,  Olaf  Einar Paxtang,  Dauphin  Co. ,  Pa. 

Nichols,  Charles  Henry  865  Chapel  St.,  New  Haven,  Conn. 

Spielman,  John  Godfrey Eng.,  Pittsburg  Branch,   American  Bridge 

Co.,  Pittsburg,  Pa. 

Stout,  Edmund  Coffin 1123  Broadway,  New  York  City. 

Trundle,  Horatio  Hartley Div.  Eng.,  Isthmian  Canal  Comm.,  104  Cor- 
coran Bldg.,  Washington,  D.  C. 

associates. 

Jacoby,  Henry  Sylvester Prof,  in  charge,  Bridge  Eng.  and  Graphics, 

Cornell  Univ.,  7  Reservoir  Ave.,  Ithaca, 
N.  Y. 

Sell,  William  Drumm Charleston  Nat.  Bank  Bldg.,  Room  6,  P.  O. 

Box  222,  Charleston,  W.  Va. 

JUNIORS. 

Anderson,  James  Chris .77  Sherman  Place,  Jersey  City,  N.  J. 

Cummings,  Noah Chaseville,  Otsego  Co.,  N.  Y. 

Janvrin,  Ned  Herbert Lexington,  Mass. 
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LivERMOEE,  NoEMAN  Banks Eng.  Dept.,  Board   of   Public   Works,  San 

Francisco,  Gal. 

Nayloe,  Ezea  Booth 43  Van  Sice  Ave.,  Yonkers,  N.  Y. 

Hamset,  Edmund  Payton 11  Willoughby  Ave.,  Brooklyn,  N.  Y. 


DEATH. 

Rogers,  Faieman Elected  Member  May  7th,  1873;  died  Aug. 

22d,  1900. 
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CONTENTS. 

Papers  to  be  presented:  •  page. 

The  Theory  and  Practice  of  Precise  Leveling. 

By  David  A.  Molitor,  M.  Am.  Soc.  C.  E 784 

The  Preservation  of  Railway  Ties  in  Europe. 

By  Octave  Chanute,  Past -President,  Am.  Soc.  C.  E 900 

(Discussions  on  Papers  which  have  been  presented  : 

Experiments  on  the  Flow  of  Water  ia  the  Six-Foot  Steel  and  Wood  Pipe  Line 
of  the  Pioneer  Electric  Power  Company,  at  Ogden,  Utah.    Second  Series. 
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Introductory. 


In  presenting  this  paper  to  the  Society,  the  writer  is  actuated  by 
the  conviction  that  the  subject  of  precise  spirit  leveling  has  not  received 
the  exhaustive  treatment  which  it  manifestly  deserves,  and  that  a  clear 
and  comprehensive  exposition  of  the  latest  developments  and  methods 
would  be,  at  this  time,  of  great  value  to  the  profession.  A  further 
object  is  to  elevate  the  standards  of  spirit  leveling  to  the  point  of  truly 
scientific  work. 

Leveling,  as  commonly  conducted,  belongs  to  the  most  primitive  sur- 
veying operations.  However,  when  there  is  presented  the  problem  of 
spanning  the  continent  by  lines  of  levels  which  shall  be  as  accurate  as  the 
highest  skill  and  most  perfect  instruments  will  permit,  then  it  may  be 
truly  said  that  the  primitive  art  has  advanced  to  the  status  of  a  science. 

Leveling  is  simple  only  when  it  is  jJerniissible  to  neglect  all  small 

errors;  it  becomes  more  complicated  and  requires  more  painstaking 

in  projiortion  to  the  accuracy  required. 

Note.— These  papers  are  issued  before  the  date  set  for  presentation  and  discussion. 
Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting,  and  may  be 
sent  Viy  Tiiiiil  to  the  Secretary.  Discussion,  either  oral  or  written,  will  be  published  in  a 
sulisecjui'iit  number  of  Proceedings^  and,  when  finally  closed,  the  papers  with  discussion 
in  full  will  be  published  in  Transactions. 
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The  ultimate  aim  in  jjrecise  leveling  is  to  perform  level  work  which 
is  absolutely  free  from  error,  so  far  as  this  is  attainable  with  the 
highest  human  skill,  ingenuity  and  perseverance,  combined  with  the 
use  of  the  best  instruments. 

To  manipulate  a  high-grade  instrument  with  celerity  and  accuracy 
is  artistic;  to  observe  correctly,  determinine  all  jjossible  sources  of 
error  and  eliminate  these  errors  by  i3roper  methods  of  observing  and 
by  constant  vigilance,  is  truly  scientific.  When  all  this  is  to  be  accom- 
plished in  the  fields  or  on  the  public  highways,  exposed  to  the  elements 
and  many  interfering  annoyances,  it  seems  almost  miraculous  to  attain 
the  results  which  some  observers  have  obtained.  Despite  all  these 
hindrances  the  subject  demands  a  delicacy  of  instruments  and  an 
accuracy  of  results  quite  equal,  or  even  superior,  to  the  highest  grade 
of  geodetic  work. 

There  are  very  few  men  who  have  made  a  success  of  precise  level- 
ing, and,  of  these,  less  than  a  half-dozen  have  given  to  the  profession 
the  results  of  their  experience  and  study.  Hence,  the  subject  has  ad- 
vanced very  little  during  the  past  fifteen  years,  and  anyone  detailed  to 
such  work  is  confined  to  very  limited  resources  aside  from  his  own. 
Also,  the  indiicements  offered  are  generally  such  that  first-class  men 
will  not  follow  up  precise  leveling  as  a  specialty,  although  the  subject 
demands  a  specialist  in  the  highest  sense. 

For  this  reason  the  writer  hopes  to  add  some  new  information  to 
this  important  branch  of  geodetic  work,  by  giving  a  complete  treatise 
on  precise  leveling  according  to  his  own  experience  and  research. 

The  historical  side  of  the  subject  is  so  well  treated  in  the  report  of 
the  Geodetic  Conference,*  February  28th,  1894,  that  no  attempt  is 
here  made  in  that  direction. 

In  view  of  the  many  diverse  opinions,  theories  and  methods  hitherto 
advocated,  the  present  paper  will  be  confined  to  the  most  practical 
and  approved  methods,  and  doubtful  features  will  be  discussed  only 
when  it  is  deemed  necessary.  The  system  of  leveling  here  outlined  is 
essentially  that  used  by  the  United  States  Lake  Survey  and  the  Missis- 
sippi River  Commission,  with  many  changes  which  suggested  them- 
selves to  the  writer  while  engaged  by  the  United  States  Board  of 
Engineers  on  Deep  Waterways,  in  running  a  dujjlicate  line  of  precise 
levels  along  the  St.  Lawrence  River  from  Tibbett's  Point,  N.  Y. ,  on 
*  "  Report  of  U.  S.  Coast  and  Geodetic-  Survey,"  1893,  Pt.  2,  p.  304. 
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Lake  Ontario,  to  the  Canadian  Boundary  Line  at  St.  Eegis,  N.  Y. ;  also 
by  tlie  United  States  Lake  Survey  in  running  a  duplicate  line  around 
Lake  St.  Clair,  from  Grossepoint  to  New  Baltimore,  Mich. 

It  is  not  deemed  necessary  to  state  the  fiindamental  principles  and 
definitions  of  terms  involved  in  common  leveling.  The  reader  is  sup- 
posed to  be  familiar  with  the  definitions  given  in  textbooks  on  sur- 
veying, and  these  will  be  iTsed  so  far  as  they  are  foiind  applicable. 

In  common  levels  it  is  customary  to  neglect  all  refinements  which 
are  supposed  to  prevent  only  small  errors,  but  not  to  affect  the  material 
accuracy  of  results.  It  is  not  generally  considered  necessary  even  to 
equalize  back  and  fore  sights,  or  to  shade  the  instrument  from  the  sun, 
or  to  plumb  the  rod  with  a  spirit  level  or  plumb  line.  However,  this 
is  a  gross  neglect,  for  most  of  these  things  can  be  done  without  addi- 
tional expense,  and,  as  will  be  shown  later,  are  much  in  the  interest  of 
good  work.  The  question  always  confronts  us:  What  is  the  limiting 
magnitude  of  a  so-called  small  error  ?  Some  of  these  neglected  errors 
are  likely  to  be  suri^risingly  large. 

The  method  of  differential  si^irit  leveling,  as  executed  with  the 
wye  level,  is,  in  principle,  circumscribing  a  polygon  around  the 
earth's  surface  by  a  succession  of  tangential  lines.  If  the  earth  were 
a  perfect  sphere  of  uniform  radial  attraction  at  all  points  of  its  surface, 
then  no  error  would  be  introduced  into  a  line  of  spirit  levels  so  long  as 
back  and  fore  sights  are  made  equal,  assuming  that  no  deleterious 
atmospheric  influences  exist. 

However,  the  earth  is  not  a  sphere,  but  an  ellipsoid  of  revolution, 
thus  making  the  theory  of  precise  si>irit  leveling  quite  complicated. 
This  it  is  proposed  to  discuss  in  the  following  under  the  head  of 
errors. 

In  all  following  discussions  and  data,  the  metric  system  of  weights 
and  measures  will  be  used  exclusively,  that  system  being  almost  indis- 
pensible  to  the  class  of  work  here  considered. 

Precise  Leveling  Instruments. 

1.   General  Remarks. 

There  are  a  number  of  high-grade  levels  manufactured  in  diflferent 
parts  of  the  world.  All  makers  are  striving  to  attain  the  greatest  per- 
fection, yet  the  majority  fall  far  short  of  the  mark.     The  difficulty 
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seems  to  be  that  the  makers  are  not  precise  levelers  and  hence  do  not 
fully  know  and  appreciate  the  fine  points  required  in  such  instru- 
ments. Also,  the  various  methods  of  observing  demand  a  variety  in 
the  construction  of  certain  details  which  will  not  be  harmonized  until 
all  observer's  have  accepted  a  generally  approved  system  of  leveling. 

Another  difficulty  in  the  way  of  progress  is  that  the  makers  are 
peculiarly  obstinate,  and  shoAv  a  marked  indisposition  to  alter  their 
designs  of  instruments  to  better  suit  the  requirements  of  the  engineer. 
A  battle  of  words  is  generally  necessary  to  convince  the  maker  of  a  de- 
sirable improvement,  and,  when  convinced,  he  will  adopt  the  improve- 
ment only  when  siiecially  ordered.  This  applies  more  strictly  to 
American  makers,  probably  because  American  engineers,  generally, 
are  more  easily  satisfied  and  seem  to  entertain  a  high  degree  of  con- 
fidence in  the  ability  of  the  maker  to  produce  the  best  possible 
instrument. 

There  is,  for  example,  no  need  for  the  ordinary  wye-level,  this  in- 
strument being  more  than  replaced  by  a  transit  with  a  few  sUght 
modifications  which  could  be  made  withoiit  material  increase  in  cost. 
Yet  the  makers  (with  few  exceptions)  will  not  adopt  the  jarogressive 
move,  probably  because  it  would  prevent  the  sale  of  common  levels. 

The  ordinary  wye-level,  no  matter  how  well  made,  is  very  imperfect 
in  principle  and  does  not  permit  of  quick  and  reliable  work,  although 
intended  for  that  very  puri^ose.  The  reasons  for  this  will  be  brought 
out  more  clearly  in  the  following. 

No  instrument  has  ever  been  made  of  which  it  could  be  said  that  it 
was  free  from  error  or  could  be  made  so  by  the  most  careful  adjust- 
ment of  its  parts.  Hence,  the  observer  can  place  absolutely  no 
reliance  on  any  instrument  for  permitting  perfect  adjustment  or  for 
holding  such  ad]ustment  longer  than  a  few  minutes  at  a  time.  His 
confidence  and  assurance  of  perfect  elimination  of  error  must  rest  on 
his  own  ability  to  accomijlish  this  end,  and  the  instrument  which  best 
permits  this  difficult  achievement  necessarily  deserves  the  credit  of 
being  the  most  j^erfect. 

It  is  by  no  means  intended  to  convey  the  impression  that  the  most 
perfect  level  is  necessarily  the  most  complicated.  On  the  contrary, 
simplicity  is  a  prime  necessity  to  the  usefulness  of  a  level,  and  its 
peculiar  purpose  demands  strength,  durability,  compactness  and 
stability  of  all  its  parts.     Eeing  subject  to  somewhat  severe  treatment, 
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for  an  instrument  of  such  fineness  and  delicacy,  it  follows  that  to  fill 
the  requirements  imposed,  and  especially  to  permit  of  easy,  certain 
and  rapid  manipulations  in  the  field,  a  perfect  precise  level  becomes 
one  of  the  most  painstaking  productions  of  the  maker.  To  add  to  the 
difficiilty  of  perfecting  the  design  of  levels,  the  maker  has  not  the 
practical  experience  necessary  to  know  the  exact  purpose  to  which  he 
must  adapt  his  instrument,  but  must  base  his  ideas  of  purpose  on  a 
very  meager,  often  conflicting,  collection  of  requirements. 

2.    Descrij^tion  of  Various  Precise  Levels. 

a.  Buff  and  Berger  Precise  Level  No.  2768. — This  level,  shown  on 
Plate  XXXIV,  was  made  in  1897,  essentially  according  to  the  design 
of  Professor  T.  E.  Mendenhall,  President  of  the  Worcester  Polytechnic 
Institute.  It  combines  simplicity  of  construction  with  j^i-actical  and 
substantial  design  and  excellent  workmanship),  and  is  believed  by  the 
writer  to  be  the  most  perfect  precise  level  yet  produced. 

As  previously  stated,  that  instrument  is  the  most  perfect  which 
best  i:)ermits  the  elimination  of  all  errors  directly  in  the  observations 
themselves,  even  though  the  adjustments  of  the  instrument  are  some- 
what imp3rfe3t  and  variable,  a  defect  which  can  never  be  entirely 
avoided.  This  instrument  may  be  said  to  permit  this  in  a  higher 
degree  than  any  other  known  to  the  writer. 

Perhaps  the  most  important  feature  of  a  precise  level  is  a  good 
telescope,  of  high  power,  comparatively  large  aperture,  perfect  defini- 
tion within  limits  of  the  telemeter  threads,  careful  mounting  of  the 
lenses,  especially  of  the  objective,  and  true  movement  of  the  eyepiece 
in  the  telescope  tube  without  a  trace  of  lateral  looseness. 

In  this  level  the  telescope  is  supplied  with  two  carefully  ground 
steel  collars  upon  which  it  is  supported  in  any  position  by  four  agate 
points,  in  the  wye  cradle.  The  striding  level  tube  rests  on  these  steel 
collars,  forming  four  points  of  contact.  The  cross-threads  and  eye- 
piece are  readily  adjustable  and  are  moiinted  in  the  end  of  a  tube  of 
almost  the  same  length  as  the  telescope,  thus  absolutely  jjreventing 
all  irregularity  of  motion.  The  material  is  generally  phosphor-  or 
aluminum-bronze,  which  is  probably  as  good  as  any,  though  steel 
would  be  preferable  were  it  not  so  subject  to  corrosion. 

The  striding  level  tube  is  of  quite  equal  importance  to  the  tele- 
scope, and  a  certain  necessary  relationship  should  exist  between  the 
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Buff  and  Berger  Precise  Level,  No.  2768. 
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two  in  order  that  they  may  be  equally  efficient  in  obtaining  accurate 
readings.  That  is,  for  the  maximum  allowable  length  of  sight,  the 
error  of  pointing,  due  to  the  delicacy  of  the  level  tube,  must  be  far 
within  the  attainable  accuracy  of  a  single  rod  reading  with  a  telescope 
of  given  magnifying  power. 

The  striding  level,  therefore,  contains  a  most  accurate  and  sensitive 
tiibe,  which  is  mounted  carefully  in  a  bronze  case,  j^ermitting  vertical 
and  lateral  adjustments.  This  level  tube  has  an  air  chamber  at  one 
«nd,  thus  making  the  length  of  the  bubble  adjustable  for  all  ordinary 
temperatures.  An  adjustable  revolving  mirror  reflects  the  bubble 
image  to  the  eye  of  the  observer  in  either  position  of  the  tube.  A 
level  tube  should  never  be  mounted  rigidly  in  cement  or  plaster  of 
Paris,  as  was  done  originally  in  the  above  instrument.  A  thin  strip  of 
cork  or  blotting  paper,  wrapped  ai-ound  one  end  of  the  glass  tube  and 
held  by  screw  pressure  within  the  case,  is  all  that  is  required.  The 
other  end  may  be  carried  on  two  points  and  held  in  position  by  spring 
pressure. 

The  level  tube  may  be  reversed  simply  by  lifting  it  out  of  the 
guides  and  replacing  it  in  a  reversed  position.  The  telescope  may  be 
revolved  on  its  collars  through  180°,  and  its  horizontal  thread  is 
made  horizontal  by  adjustable  stops  on  each  side  of  the  cradle  at 
the  eye  end  of  the  telescope.  The  striding  level  must  always  be 
removed  when  the  instrument  is  being  carried  and  while  revolving 
the  telescope. 

The  foregoing  features  constitute  the  vital  points  of  a  precise  level, 
and  the  remainder  of  the  instrument  is  of  minor  importance,  though 
many  of  the  details  are  extremely  valuable  in  facilitating  quick  and 
accurate  handling  of  the  instrument.  Perhaps  the  best  and  most 
practicable  mounting  of  the  telescope  and  level  tube  yet  devised  is 
represented  in  this  instrument. 

The  cradle,  taking  the  place  of  the  wyes  in  a  level  of  ordinai-y  con- 
struction, is  centrally  mounted  on  a  horizontal  axis  intersecting  the 
vertical  axis  of  the  instrument.  Hence,  any  tilting  of  the  cradle  that 
may  be  desirable  to  bring  the  bubble  to  the  center  of  the  level  tube, 
does  not  in  the  least  affect  the  height  of  instrument,  so  that  the  instru- 
ment need  only  be  made  approximately  level  by  the  small  tubular 
spirit  levels  attached  to  the  rigid  frame,  and  the  fine  leveling  is  then 
done  by  means  of  the  large  milled-head  micrometer  at  the  eye  end. 
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The  rigid  wye  of  the  common  level  is  thus  replaced  by  a  swinging 
cradle  which  is  adjusted  to  the  level  tube  at  every  observation,  thus 
transferring  the  movement  of  the  wyes  from  the  coarse  leveling  screws 
to  a  single  delicate  micrometer  screw. 

The  cradle  may  be  clamijed  rigidly  by  the  screw  at  the  right,  but 
this  is  not  considered  useful  or  desirable. 

The  celluloid  trimmings  are  intended  to  prevent  temperature 
changes  caused  by  handling  the  instrument. 

The  three  leveling  screws  are  admirably  well  adapted  to  this  instru- 
ment, and  permit  of  a  generally  low  spindle  and  a  very  broad  base  on 
the  trii^od  head,  which  makes  the  instrument  very  steady  even  for 
high  wind,  and  the  numerous  other  distixrbing  elements  with  which 
the  observer  is  constantly  molested.  The  tripod  legs  are  also  ver;v 
rigid  and  serve  their  purpose  well. 

b.  The  Swiss  Precise  Level. — This  level,  shown  in  Fig.  1,  Plate 
XXXV,  was  maniifactured  by  Messrs.  Kern  and  Company,  of  Aarau, 
Switzerland.  It  embodies  essentially  all  the  features  described  in  the 
Buff  and  Berger  level,  though,  in  general,  it  is  not  no  well  constructed, 
and  the  level  tube  cannot  be  reversed  on  the  telescope  except  by 
unclamping  the  lock  device  at  the  eye  end  of  the  instrument,  which  is 
somewhat  annoying.  The  circular  watchglass  level  for  ajjproximate 
setting  of  the  instrument  is  a  little  better  than  the  two  small  levels 
on  the  Buff  and  Berger  level,  which  latter  are  partially  covered  by 
the  lower  frame.  The  level  tube  and  telescope  are  much  better  than 
the  remainder  of  the  instrument. 

The  only  objections  to  this  instrument  are:  The  short  eyepiece 
tube,  which  frequently  shifts  laterally,  thus  introducing  thread 
errors;  the  cradle  joint  not  being  in  the  vertical  axis  introduces  errors 
from  releveling;  and  the  screws  and  other  small  jjarts  generally  are 
too  light,  and  hence  do  not  wear  well. 

The  Kern  level  was  first  used  in  this  country  by  the  United  States 
Lake  Survey  in  1876,  and  was  retained  on  all  j^recise  leveling  under 
the  United  States  Engineer  Corps  prior  to  1899.  Fig.  1,  Plate  XXXV, 
shows  the  most  improved  form,  though  the  older  levels  were  almost 
the  same  except  that  the  mirror  was  fastened  at  one  end  of  the  level 
tube  case,  and  did  not  permit  of  reading  the  level  tube  direct  and 
reversed. 

The  Kern  level  is  undoubtedly  the  oldest  high-grade  instrument 
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Fig.  1.— Kern  Precise  Level. 


Fig.  2.— French  Government  Level. 
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made,  and  has  maintained  its  excellence  to  the,  present  day,  being- 
exceeded  by  none  in  quality  of  material  and  workmanship,  though 
being  somewhat  superseded  in  details  by  the  Buff  and  Eerger  level 
designed  by  Professor  Mendenhall. 

c.  Tlie  French  Government  Level. — This  level,  shown  in  Fig.  2,  Plate 
XXXV,  Avas  made  by  A.  Barthelemy,  of  Paris,  and  used  on  the 
Nirellement  General  of  France.  It  is  an  instrument  of  somewhat 
different  type  from  those  just  described.  The  illustration  is  taken 
from  a  photograph  of  the  level  at  the  College  of  Civil  Engineering, 
Cornell  University. 

With  the  exception  of  the  level  tube,  this  instrument  is  almost 
exactly  like  the  Kern  level,  and  all  criticisms  offered  regarding  the 
latter  level  apply  equally  to  the  French  level.  Hence,  it  will  be  suf- 
ficient to  describe  only  the  exceptional  construction  of  the  level  tube, 
which,  in  a  general  way,  may  be  said  to  rejaresent  a  most  compli- 
cated solution  of  one  of  the  least  troublesome  features  of  a  precise 
level. 

The  idea  in  this  level  tube  is  to  jiroduce  an  image  of  the  bubble 
which  may  be  seen  from,  or  near,  the  eyepiece  of  the  telescope  with- 
out i^arallactic  error.  To  accomplish  this,  the  image  of  each  end  of 
the  bubble  is  carried  by  adjustable  prisms,  attached  to  the  horizontal 
frame  of  the  level  tube,  to  a  trough  near  the  eye  end  of  the  telescope, 
in  which  four  other  ijrisms  carry  these  images  to  an  eyepiece,  seen  to 
one  side  of  the  telescope  eyepiece.  This  is  certainly  a  complicated 
solution  of  a  small  difficulty  so  readily  solvable  by  an  ordinary  mirror, 
as  is  done  in  the  two  levels  previously  described.  That  the  parallax 
of  the  bubble  image  in  an  inclined  mirror  can  be  easily  prevented, 
and  that  even  when  allowed  to  exist  it  eliminates  itself  from  the  work 
when  back  and  fore  sights  are  made  equal,  will  be  shown  later. 

However,  granting,  for  the  present,  that  such  a  complicated  de- 
vice were  necessary,  it  is  readily  seen  that  the  manner  in  which  it  is 
here  applied  is  not  at  all  satisfactory,  because  the  two  eyepieces  are 
about  25  mm.  or  1  in.  apart,  and  hence  the  bubble  cannot  be  observed 
at  the  instant  of  taking  the  rod  reading,  which  fact  is  far  more  ob- 
jectionable than  a  slight  parallax.  Also,  in  reversing  the  level  tube 
the  prisms  over  the  level  must  be  reversed  and  refocused,  which  con- 
sumes time  and  is  apt  to  disturb  the  instrument. 

As  will  be  seen  from  Table  No.  1,  this  instrument  is  not  nearly  as 
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delicate,  in  point  of  magnifying  power  and  level  tube  curvature,  as 
are  those  previously  described. 

d.  The  United  States  Coast  and  Geodetic  Stirveii  Level. — This  instru- 
ment, shown  in  Fig.  1,  Plate  XXXVI,  was  designed  and  made  in  the 
shops  of  the  Survey,  and  represents  the  tyjje  of  level  used  by  this 
bureau  of  the  Government  i^rior  to  1899.  Some  changes  in  this  instru- 
ment, as  also  in  the  field  methods  used  by  the  Survey,  have  been 
made  recently,  but  these  have  not  yet  been  made  public,  and  hence 
only  a  passing  reference  will  suflBce  to  point  out  a  few  of  the  most 
striking  features  which  are  different  from  other  high-grade  levels. 

The  general  design  does  not  difier  materially  from  the  Swiss  instru- 
ment. There  is  no  means,  either  by  mirror  or  otherwise,  of  observing 
the  bubble  simultaneously  with  the  rod,  which  is  a  very  serious  omis- 
sion. Also,  there  is  no  coarse  level  for  approximate  setting  of  the  in- 
strument, and  hence  this  must  be  done  with  the  striding  level  in  two 
positions,  which  is  a  slow  process.  A  novelty  (supposedly)  is  intro- 
duced by  a  system  of  bearings  or  wyes,  inside  the  pi-incipal  wyes,  for 
the  purjiose  of  raising  the  telescope  off  its  supports  while  it  is  being 
revolved  on  its  horizontal  axis,  to  prevent  the  wear  usually  attending 
this  manipulation.  However,  as  has  been  intimated,  and  as  will  be 
brought  out  more  clearly  in  another  place,  this  is  not  necessary,  be- 
cause the  wear  of  the  collars  does  not  influence  the  relation  existing 
between  the  level  tube  and  the  telescoi^e,  except  when  the  tube  con- 
tact and  the  wye  points  of  support  are  on  the  same  circles  of  the  tele- 
scope collars,  which  is  seldom  the  case  and  should  be  avoided  in  all 
instrument  designs. 

e.  The  Massachusetts  State  Survey  Level. — This  instrument,  shown  in 
Fig.  2,  Plate  XXXVI,  was  constructed  by  Messrs.  Buff  and  Berger,  of 
Boston,  Mass.,  and  used  also  by  the  United  States  Geological  Survey. 
It  is  not  really  a  precise  level,  but  merely  a  good  common  level. 

This  instrument,  in  principle  very  much  like  that  shown  on  Plate 
XXXV,  embodies  most  of  the  features  of  a  precise  level,  but,  without 
a  striding  level  tube,  it  cannot  be  considered  as  such.  The  focusing 
is  accomj^lished  by  motion  of  the  objective,  which  is  somewhat  incon- 
venient to  the  observer.  This  instrument  could  readily  be  altered  to 
become  a  very  good  level  for  precise  or  common  work  merely  by  re- 
moving the  fixed  level  and  replacing  it  with  one  that  can  be  used  as 
a  combined  striding  and  fixed  level,  as  is  done  on  the  Buff  and  Berger 
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Fig.  1.— U.  S.  Coast  and  Geodetic  Survey  Level. 


Fig.  2.— Massachusetts  State  Survey  Level. 
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plane  table  alidade.     However,  the  mirror  should  not  be  omitted,  and 
the  form  used  in  Plate  XXXV  would  be  jjreferable  to  that  here  used. 

The  properties  of  the  five  instruments  just  described  are  given  in 
Table  No.  1. 

3.   Salient  Features  of  a  Precise  Level. 

For  a  general  criterion  or  standard  of  excellence  of  a  precise  level 
the  following  will  serve  as  a  guide: 

The  telescope  should  be  about  420  mm.  long,  have  an  aj^erture  of 
about  38  mm.,  and  a  magnifying  power  of  about  50  diameters.  It 
should  be  readily  reversible  and  invertible  in  its  cradle  supjjorts. 
The  focusing  should  always  be  accomplished  by  movement  of  the  eye- 
l^iece,  and  the  latter  should  be  absolutely  free  from  all  lost  motion 
and  wobbling.  The  position  of  the  telescope  in  the  cradle  should  be 
regulated  by  adjustable  stops  (but  no  clamps),  so  that  the  threads 
may  be  made  exactly  horizontal  when  the  telescope  is  normal  or 
inverted.  The  thread  distance  of  extreme  wires  should  be  1:  200,  or 
5  mm.  per  meter  of  distance.  There  should  be  one  vertical  and  three 
horizontal  threads,  and  the  two  half  intervals  should  be  as  nearly 
equal  as  possible. 

The  level  tube  should  have  a  curvature  of  about  2  seconds  per 
division  of  2  mm.,  have  an  air  chamber,  and  be  adjustable  vertically 
and  laterally.  The  Inibble  must  be  siirmounted  by  an  adjustable  mirror, 
so  that  jjarallax  is  eliminated  in  both  positions  of  the  level  and  mirror. 

The  level  tiabe  should  rest  on  the  telescoj^e  collars  on  four  points 
which  are  not  on  the  circles  passing  throiigh  the  points  of  contact 
between  these  collars  and  the  cradle  supports.  The  tube  should  be 
guided  laterally  and  horizontally,  so  that  the  contact  points  between 
it  and  the  collars  shall  remain  the  same,  but  it  shall  be  otherwise  free 
so  that  reversals  may  be  readily  made  witliout  any  unclamping,  etc. 

The  cradle  sui^port,  taking  the  place  of  the  wyes  of  an  ordinary 
level,  should  swing  vertically  about  a  center  in  the  vertical  axis  of 
the  instrument,  so  that  releveling  will  not  change  the  elevation  of  the 
telescojoe.  The  cradle  should  be  movable  by  means  of  a  large  micro- 
meter screw  working  against  a  counter  spring.  The  instrument 
should  be  supplied  with  a  small  watchglass  level  for  approximate  and 
quick  leveling  (not  for  taking  readings),  thus  leaving  the  micrometer 
only  for  fine  setting  for  each  individiial  rod  reading. 
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4.  Precise  Level  Rods. 

Like  the  levels,  tlie  style  of  rod  lias  passed  tliroiigh  many  stages 
of  evolution,  and,  even  at  this  time,  widely  different  opinions  exist 
iu  regard  to  the  best  material,  cross-section,  graduation,  etc.,  to  be 
used. 

a.  The  Material. — This  has  generally  been  wood,  and  clear,  white 
pine  seems  to  have  received  the  preference.  Various  methods  of 
treating  the  wood  have  been  used  and  advised,  and  the  whole  matter 
appears  to  be  resting  more  -or  less  on  individual  opinions. 

The  usual  treatment  consists  of  several  coats  of  linseed  oil  covered 
by  several  coats  of  white  zinc  paint.  This  treatment  has  given  good 
satisfaction,  generally,  and  the  old  Lake  Survey  rods,  made  by  Kern 
<&  Company,  thus  pre^sared,  have  given  excellent  results  and  with- 
stood hard  usage  for  the  past  24  years.  The  United  States  Coast  and 
Geodetic  Survey,  in  1895,  prepared  two  i^ine  rods  by  immersion  in 
hot  paraffin  until  they  had  increased  from  70  to  95%  in  weight. 
Similar  rods,  recently  made  for  the  United  States  Geological  Survey 
by  Messrs.  W.  and  L.  E.  Gui-ley,  of  Troy,  N.  Y.,  were  treated  with 
l^araffin  to  a  penetration  of  about  3  mm. 

However,  the  experience  with  paraffin  rods  wotild  go  to  show  that 
this  treatment  causes  the  wood  to  become  soft,  and  prevents  the  per- 
fect adhesion  of  paint.  A  partial  saturation  with  linseed  oil  would 
not  injure  the  wood,  as  the  oil  soon  hardens  and  thus  lessens  the 
hygroscopic  property  of  the  wood.  The  oiled  wood  is  also  well  pre- 
jsared  to  hold  the  white  paint,  which  latter  is  claimed,  by  Colonel 
Goutier,  to  assist  materially  in  lessening  the  effect  due  to  moisture. 
According  to  the  determinations  of  the  United  States  Coast  and 
Geodetic  Survey,  the  jjaraffin  treatment  would  appear  to  increase  the 
coefficient  of  expansion  of  pine  wood  about  50/^,  which  would  be 
another  imdesirable  feature  of  this  process. 

b.  Cross-Sections. — Various  cross-sections  have  been  used  for  level- 
ing rods,  but  the  general  consensus  of  opinion  tends  toward  a 
T-section,  unless  the  graduation,  or  other  apj^liances,  like  targets, 
influence  the  choice. 

c.  Graduation. — The  style  of  graduation  depends  on  whether  a  target 
rod  is  used  or  a  self-reading  rod.  For  the  former,  any  common,  easily 
readable  scale,  with  vernier,  will  answer.     Perhaps  the  most  elaborate 
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target  rods  ever  constructed  are  those  designed  by  the  United  States 
Coast  and  Geodetic  Survey.* 

The  rod  used  on  the  general  levels  of  France,  and  designed  by 
Col.  Goutier,  is  more  on  the  order  of  a  self-reading  rod  with  the 
smallest  graduation  of  2  mm.  However,  the  graduations  are  not 
well  adapted  to  close  estimation,  being  more  on  the  princiiDle  of  line 
graduation.  This  rod  has  a  very  ingenious  device  for  making  temper- 
ature corrections,  which  consists  of  a  metallic  thermometer  of  iron 
and  brass  bars  attached  to  the  bottom  of  the  rod  and  allowed  to 
expand  upward.  Such  a  rod  forms  part  of  the  collection  of  the 
Department  of  Civil  Engineering  of  Cornell  University. 

The  Kern  level  rods,  previously  referred  to,  are  graduated  to  centi- 
meters by  a  double  system  of  black  and  white  figures,  uj)on  which  it 
is  intended  to  estimate  at  least  to  millimeters.  After  much  practice 
and  stiidy  of  the  subject  of  estimating,  a  careful  observer  can  estimate 
to  from  0.2  to  0.5  mm.  for  sights  up  to  80  m.  with  a  magnifying  power 
of  50  diameters,  though  this  is  a  difficult  task,  requiring  exceptional 
eyesight  and  long  practice.  Few  observers  ever  reach  such  precision. 
However,  these  rodsf  were  used  on  all  the  work  done  under  the  Corps- 
of  Engineers,  United  States  Army. 

Without  stopping  to  quote  numerous  opinions  of  others,  the 
following  brief  argument  is  presented  to  show  the  superior  practica- 
bility of  self-reading  rods  over  target  rods.  In  general,  with  a  good 
instrument  and  well  adapted  rod  graduation,  the  position  of  a  thread 
on  the  rod  can  be  as  sharply  read  as  it  is  possible  to  set  a  target, 
because  the  space  covered  on  either  rod  or  target  by  the  thread  itself 
vitiates  a  target  setting  more  than  a  direct  estimation.  The  target,, 
wherever  set,  can  be  read  with  a  vernier  or  other  fine  device,  but  such 
accuracy  will  be  farcical,  not  real.  Hence,  if  there  is  to  be  an  error 
in  pointing  it  might  as  well  be  made  in  the  rod  reading  as  in  the  target, 
setting. 

Fiirther,  the  accuracy  of  direct  reading,  so  far,  has  been  found  to 
be  well  within  the  limits  of  attainable  accuracy  owing  to  many  condi- 
tions of  atmosphere  and  instruments  used. 

With  a  suitable  graduation,  the  probable  error  of  relocated  point - 


*  Described  and  illustrated  on  page  381  of  the  Survey  report  for  1895. 
t  Further  description  and  illustration  of  this  rod  may  be  found  in  Transactions,  Am. 
Soc.  C.  E.,  Vol.  xxxix,  p.  421. 
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ings  made  on  a  target  and  duplicated  on  a  self-reading  rod,  show  no 
superiority  of  the  former  even  when  only  one  thread  is  read  on  the 
latter.  With  precise  methods,  however,  it  is  necessary,  for  other 
reasons,  to  read  three  threads,  and  then  the  accuracy  attainable  with 
the  self-reading  rod  is  far  higher. 

The  most  imijortant  feature  of  the  selfrreading  rod  is,  however, 
the  rapidity  and  absolute  control  of  the  instrument  which  the  observer 
enjoys  when  he  is  independent  of  all  actions  of  the  rodman,  save  that 
the  latter  shall  hold  his  rod  plumb  and  quiet.  With  this  system  alone 
is  it  possible  for  the  observer  to  take  the  responsibility  of  his  work 
and  follow  the  now  generally  accepted  method  of  observing  with  the 
bubble  in  the  center. 

It  may  be  added  that  ordinary  work  can  be  done  with  greater  accu- 
racy with  a  self-reading  rod  than  with  a  target  rod,  and  usually  the 
readings  can  be  taken  in  less  time  than  is  required  to  set  the  target 
only  api:)roximately  correct.  Hence,  the  self-reading  rod  deserves 
decided  prefei-ence  for  all  classes  of  work,  from  the  coarsest  to  the 
finest.  There  is  only  one  exception  known  to  the  writer,  and  that  is 
on  construction  work,  where,  for  instance,  a  number  of  piles  should 
be  sawed  otf  at  the  same  level,  or  such  similar  cases,  when  a  target  rod 
would  come  handy,  although  many  errors  are  attributed  in  such  cases 
to  slipping  or  erroneous  setting  by  the  rodman. 

cl.  New  Self-Reading  Rod. — A  new  self-reading  rod,  designed  by  the 
writer  in  1899,  is  illustrated  in  Figs.  1,  2  and  3.  This  design  is  the 
result  of  much  experience  and  careful  study,  and  involves  the  simplest, 
figures  which  are  discernible  at  the  greatest  distance. 

The  design  is  based  strictly  on  the  self-reading  principle,  and  thus 
enables  the  observer  to  read,  i^ractically  without  counting  anything, 
from  the  coarsest  down  to  the  finest  graduation.  The  fraction  of  the 
smallest  graduation  (2  mm.)  is  then  estimated  with  a  precision  pro- 
jDortional  to  the  distance  and  the  quality  of  the  instrument  used. 
This  rod  is,  therefore,  well  adapted  to  the  coarsest  as  well  as  the 
finest  kind  of  work. 

By  exercising  great  care,  good  readings  may  be  obtained  from  1-cm. 
graduations,  but  the  faculty  for  close  estimating  soon  tires.  Hence,  to 
increase  the  general  accuracy  of  the  work,  lessen  the  strain  on  the 
observer,  and  facilitate  progress,  a  self -reading  rod  with  2-mm.  unit 
graduations  is  considered  necessary. 
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Tlie  following  specifications  for  a  pair  of  such  rods  will  suffice  to 
give  a  good  descriijtion  of  the  rod  and  its  appurtenances: 

"  Two  level  rods  comj)lete,  each  with  handles,  spirit  level,  plumb- 
bob  and  thermometer,  shall  be  furnished,  packed  in  a  light  j^ine  box 
provided  with  hinged  cover  and  locks.  The  size  of  rods  and  style 
of  graduation  is  shown  on  the  sketch  hereto  attached  (see  Figs.  1,  2 
and  3). 

"  A  flexible  steel  scale,  4  m.  long,  divided  into  centimeters,  except 
the  first  10  decimeters,  which  shall  be  divided  into  millimeters,  shall 
be  furnished  on  a  reel  8  ins.  in  diameter  and  mounted  in  a  neat  carry- 
ing case,  provided  with  a  handle  and  lock  cover.  The  scale  shall  be 
numbered  by  decimeters  from  0  to  40.  The  reel  shall  be  so  mounted 
in  the  case  as  to  permit  of  drawing  out  and  winding  up  the  scale  without 
removing  the  reel  from  the  case.  A  thermometer,  as  specified  below, 
shall  be  furnished  with  this  scale,  and  be  attached  to  the  case. 

"  The  rods  shall  be  made  of  the  best  seasoned  white  pine  wood, 
well  impregnated  with  linseed  oil  and  then  dried,  preferably  by  appli- 
cation of  slight  heat.  The  beaded  edges  of  the  rod  shall  be  made  of 
clear  hard  maple  or  oak,  similarly  treated.  After  the  rods  have  been 
thorougly  sandpapered,  especially  the  faces  to  be  graduated,  they 
shall  be  painted  a  sufficient  number  of  coats  of  best  white  zinc  paint 
and  thoroughly  dried,  after  which  they  may  be  graduated,  as  shown 
on  the  di'awing. 

"  The  2-mm.  graduations  shall  be  accurately  marked  on  the  painted 
rods  by  a  graduating  machine,  and  the  figures  afterward  constructed 
on  this  graduation  shall  be  painted  black. 

"Each  rod  shall  be  provided  with  a  pair  of  detachable  handles  and 
a  watchglass  level  capable  of  easy  adjustment.  These  shall  be  securely 
fastened  to  the  rod,  where  indicated  on  the  sketch,  by  a  very  substan- 
tial fastening,  using  small  brass  bolts  instead  of  wood  screws.  All 
metal  parts  and  trimmings  shall  be  of  brass. 

"  The  pin  at  the  foot  of  each  rod,  together  with  its  yoke,  shall  be 
cast  from  best  phosphor-bronze,  free  from  lead  and  very  hard.  This 
pin  shall  be  truly  faced,  making  its  bottom  surface  perpendicular  to 
the  axis  of  the  rod.  Otherwise  the  pin  shall  be  dressed  on  an  emery 
wheel  and  be  rigidly  connected  to  the  foot  of  the  rod  by  brass  bolts. 
The  distance  between  the  bottom  of  this  pin  and  the  zero  of  gradua- 
tion must  be  made  exactly  equal  in  the  two  rods. 

' '  A  mercurial  thermometer,  registering  half  degrees  Centigrade 
between  -f  50^  and  —  15°  (No.  245,  Catalogue,  H.  J.  Green)  shall  be 
inlaid  in  the  wood  of  each  rod  and  be  covered  by  a  small  glass  plate. 
This  thermometer  shall  be  placed  near  and  over  the  spirit  level.  A 
similar  thermometer  shall  be  i^rovided  with  the  flexible  steel  scale 
and  be  fastened  inside  the  case. 

"A  small  plumb-bob,  not  larger  than  1  in.  in  diameter,  shall  be 
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furnished  with  each  rod,  and  the  rods  shall  be  jirovided  with  small 
brass  jjoints  and  hooks  between  which  the  plumb-bob  may  be  swung 
■when  the  spirit  level  is  being  adjusted.  Such  a  pin  point  is  shown  in 
plan,  in  Fig.  3. 

"The  two  rods,  with  handles,  spirit  levels,  plumb-bobs,  etc.,  shall 
be  packed  neatly  in  a  light  but  durable  pine  box,  in  which  they  may 
be  transported  and  preserved.  Care  shoiild  be  taken  to  maintain  the 
smallest  possible  dimensions  for  this  box,  as  it  is  not  desirable  to  have 
this  part  of  the  outfit  unnecessarily  heavy." 

Readings  taken  on  this  graduation,  with  Buflf 
and  Berger  Precise  Level  No.  2768,  showed  that 
the  greatest  error  in  a  single  reading  would 
vary  from  0.2  to  0.4  mm.  for  distances  of  from 
10  to  85  m.,  respectively.  The  steel  scale  is 
intended  for  tri-daily  rod  comparisons  to  furnish 
the  error  of  rod  length  and  temperature  cori-ec- 
tion  to  be  applied  to  the  work.  The  same  scale 
is  also  intended  to  replace  the  rod  when  read- 
ing on  bench-marks  on  which  the  rod  cannot  be 
held. 

e.  Precise  Level  Rod  Supports. — The  supports 
which  have  given  the  best  satisfaction  consist  of 
steel  pins,  as  shown  in  Fig.  4.  These  pins  are 
driven  into  the  ground  with 'a  wooden  mallet, 
and,  with  ordinary  care,  furnish  a  support  which 
is  as  safe  as  a  temporary  bench-mark.  There 
has  never  been  the  slightest  indication  of  heav- 
ing or  settling  when  these  pins  were  used. 

The  general  idea  of  using  a  steel  pin  was 
originated  in  France  and  Germany  many  years 
ago,  but  the  form  here  illustrated,  with  a  slightly 
different  head,  was  first  used  by  Mr.  O.  W. 
Ferguson,  United  States  Assistant  Engineer. 

It  is  needless  to  take  up  the  discussion  of  pins  ^'e?•s^^s  foot-plates,  as 
the  latter  are  considered  entirely  out  of  date. 


^^ 


M 


FORGED  STEEL  TURNING 

POINT  FOR  PRECISE 

LEVELING. 

Fig.  4. 


Bench-Makks. 
Two  classes  of  bench-marks  are  generally  used  in  precise  leveling, 
the  permanent  and  the  temporary.     The  former  are  designed  for  per- 
manent and  lasting  record  while  the  latter  are  necessary  only  in  carry- 
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ing  the  work  between  the  permanent  benches,  and  thus  serve  only  a 
temporarj  purjiose. 

According  to  American  practice,  the  temporary  benches  are  made 
by  driving  a  60-penuy  wire  spike  in  the  root  of  a  large  tree,  the  root 
being  first  dressed  off  with  a  hatchet.  Frequently,  large  boulders  are 
found  which  are  preferable  to  trees.  With  a  cold  chisel  a  smooth, 
rounded  surface  is  worked  on  a  suitable  part  of  the  boulder,  and 
this  point  is  enclosed  by  a  square,  likewise  cut  into  the  stone.  These 
benches  are  always  numbered  so  as  to  preserve  their  identity  for  some 
time. 

The  permanent  bench-marks  are  placed  either  on  substantial  per- 
manent public  or  private  buildings,  on  bed-rock,  or  subterraneous 
monuments  of  stone  or  concrete.  The  mark  itself  generally  consists 
of  a  ^-in.  copper  or  brass  bolt  cemented  into  the  structure  or  monu- 
ment, and  is  placed  horizontally  or  vertically  as  each  case  requires. 

The  horizontal  bolts  are  made  square  ended,  cemented  flush  with 
the  masonry  and  marked  with  a  fine  center  punch  mark  for  the  eleva- 
tion point.  The  vertical  bolts  are  round  headed  and  made  to  project 
about  ^  in.  above  the  stone.  The  name  and  number  of  each  bench  is 
chiseled  into  the  stone  near  the  mark. 

The  American  public  has  not  yet  reached  the  generally  high  regard 
and  appreciation  for  scientific  work  found  to  exist  in  Germany  and 
France,  and,  for  this  reason,  it  is  not  always  prudent  to  place  marks, 
intended  for  permanence  and  security,  in  plain  sight.  Hence,  the 
subterraneous  monuments,  while  they  are  more  diflScult  to  describe 
and  find,  are  by  far  the  most  permanent. 

In  the  more  advanced  European  countries  the  permanent  benches 
are  always  jjlaced  in  plain  sight  and  provided  with  a  cast-iron  or 
bronze  name  plate,  giving  the  name  of  the  department  by  which  estab- 
lished, the  name  of  the  bench  and  its  elevation  in  meters  above  mean 
sea  level  or  normal  datum  plane.  For  Germany,  this  datiim  is  the 
permanent  bench-mark  of  the  Berlin  Astronomical  Observatory,*  at 
elevation  37  m. 

The  United  States  Geological  Survey  has  adopted  a  uniform  sys- 
tem of  permanent  bench-marksf  which  is  similar  to  some  forms  used 
in  France  and  Germany.     While  it  is  sought  to  overcome  the  many 

*  "  Handbuch  der  Vermessungskunde,"  by  Dr.  W.  Jordan,  Vol.  2,  p.  456. 
t  Transactions,  Am.  Soc.  C.  E.,  Vol.  xxxix,  p.  342. 
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destructive  tendencies  of  our  jjopulation  by  specifying  the  fine  for  dis- 
turbing tliese  marks,  it  is  needless  to  add  that  the  offence  must  be 
proven  before  a  fine  or  other  punishment  can  be  imposed,  and  to 
this  extent  little  is  accomjilished  by  the  law.  The  safe  plan  is  to 
conceal  bench-marks  in  such  a  manner  as  not  to  invite  the  maliciously 
inclined  to  do  mischief.  Yet,  this  condition  will  probably  be  improved 
in  the  course  of  time,  and  it  may  become  safe  to  adopt  such  a  form 
of  bench  for  general  use. 


1 . 20  1:3 

Fig.  5.  Fig.  6. 

There  are  many  instances  where  bed-rock  or  permanent  buildings 
are  not  available,  and  then  the  subterraneous  monument  forms  the 
best  and  safest  bench-mark.  A  cast-iron  surface  marker  should  be 
used,  and  be  placed  in  some  definite  position  with  reference  to  the 
hidden  monument,  as,  for  instance,  5  ft.  south.  Such  a  bench  is 
illustrated  in  Fig.  5.  A  name-plate  suitable  for  this  or  for  buildings 
is  shown  in  Fig.  6,  and  is  quite  similar  to   the   Geological  Survey 
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mark.  When  the  name-plate  is  placed  in  a  vertical  wall,  the  point 
held  on  should  be  marked  by  a  fine  cross,  cut  as  shown,  though  this 
is  not  necessary  when  used  in  a  concrete  bench. 

The  number  can  be  stamped  on  the  name-plate  at  the  time  of 
l^lacing  the  bench-mark,  and  the  elevation  would  best  be  supplied  on 
a  separate  plate,  which  could  be  fastened  with  two  small  screws. 

The  concrete  base  may  be  made  by  carefully  digging  a  hole  of  the 
required  diameter  and  depth,  filling  it  to  the  desired  level  with 
cement  concrete,  and  finally  placing  the  name-plate  before  the  con- 
crete has  set. 


LEVEL  TUBE  OF  BUFF  AND  BERGER  PRECISE  LEVEL,  No.  2768. 
sectional  view. 

Fig.  7. 


The  Spirit  Levei,. 

There  are  some  features  about  very  sensitive  spirit  levels,  as  used 
on  precise  leveling  instruments,  which  deserve  special  consideration. 

a.  Level  Tube. — The  level  tube  is  made  cylindrical,  of  extremely 
hard  glass,  and  is  then  ground,  generally  on  one  side  only,  to  the  arc 
of  a  circle,  whose  radius  varies  from  about  50  m.  to  several  hundred 
meters,  depending  on  the  desired  sensitiveness.  This  tube  is  filled 
with  absolute  sulplniric  ether,  with  the  exception  of  a  small  air  bubble, 
the  length  of  which  may  be  read  on  a  scale  graduated  on  the  glass 
tube.    The  ends  of  the  tube  are  closed  by  fusing  (never  by  cement; ,  and 


804  MOLITOR   Oisr   PRECISE   SPIRIT  LEVELIJSTG.  [Papers. 

near  one  end  a  ground  glass  disc  with  a  small  notcli  is  inserted  in  the 
tiibe  to  form  an  air  chamber  by  which  the  length  of  the  bubble  may 
be  regulated  (see  Fig.  7).  The  length  of  the  level  tube  should  be 
about  200  mm.,  and  its  external  diameter  about  19  mm. 

The  numbering  of  the  graduations  of  the  level  is  generally  from 
the  center  toward  the  ends,  though  some  makers  have  adopted  a  con- 
tinuous numbering  from  one  end  to  the  other.  The  writer  has  used 
both  styles  and  has  reached  the  conclusion  that  for  sjjirit  leveling  the 
graduation  from  the  center  is  far  more  preferable,  and  does  away  with 
all  reductions  to  the  center  necessary  with  the  new  style.  The 
chances  of  misreading  or  erroneous  centering  are  also  much  greater 
for  the  continuous  graduation.  The  only  argument  in  favor  of  the 
latter  is  that  the  reading  identifies  the  end  of  the  level,  but  in  si^irit 
leveling  this  is  not  important  except  when  reading  bubble  displace- 
ments, which  is  done  only  in  connection  with  determinations  of  instru- 
ment constants. 

The  level  tube  is  encased  in  a  metal  tube  and  is  held  in  this  tube 
at  one  end  by  slight  screw  pressure  against  blotting  paper  or  cork 
wrapping  on  the  glass  tube,  and  the  other  end  is  left  free  to  slide  on 
two  points  against  which  the  glass  tube  is  pressed  by  a  spring.  In  no 
instance  should  the  glass  tube  be  cemented  into  the  metal  tube  at 
either  end.  Such  rigid  fastening  is  likely  to  break  the  tube,  and 
prevents  its  keeping  in  adjustment. 

This  metal  case  is  carried  in  the  casing  jjrojier,  or  frame,  in  which 
the  level  tube  may  be  adjusted  laterally  at  one  end  and  horizontally 
at  the  other  end. 

b.  Se)isit/ve)iess  of  the  Level  Tube. — The  sensitiveness  of  the  level 
tube  depends  on  the  curvature  of  the  tube  and  the  length  of  the 
bubble.  There  may  also  be  irregularities  due  to  improper  grinding. 
Grit,  not  properly  removed  from  the  tube  after  gi'inding,  or  corrosion 
of  the  glass  by  the  ether,  may  cause  unevenness  in  the  movements  of 
the  bubble. 

The  angular  value  corresponding  to  a  movement  of  the  bubble 
over  a  distance  of  one  graduation  (generally  2  mm. )  may  be  found  by 
the  use  of  a  level  trier,  or  by  rod  readings  taken  with  diflferent  posi- 
tions of  the  bubble.  The  level  trier  is  very  convenient,  and  especially 
well  adapted  to  test  the  uniformity  in  grinding  over  the  entire  length 
of  the  tube.     However,  for  field  use  the  rod  readings  are  preferable 
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and  qiiite  as  accurate,  and  the  curvature  thus  determined  represents 
more  nearly  the  actual  condition,  compared  with  indoor  measurements 
on  a  level  trier. 

The  bubble  should  be  retained  at  an  almost  constant  length  of 
about  half  the  length  of  the  ground  portion  of  the  level  tube.  This 
makes  the  aii-  chamber  of  prime  necessity. 

A  short  bubble  has  a  very  sluggish  movement  even  in  the  most 
sensitive  tubes.  This  is  caused  by  the  high  friction  along  the  glass 
compared  to  the  slight  lifting  power  of  the  small  bubble.  There  is 
no  danger  from  excessively  long  bubbles  except  the  i^ractical  limit  of 
the  graduation. 

According  to  Reinhertz,  a  level  tube  of  10.8  seconds  per  division  of 
2  mm.  gave  the  mean  error  of  position  of  bixbble  for  different  lengths 
of  bubble  as  follows: 

Length  of  bubble 4. 9     13. 3     22. 2     28. 9  divisions ; 

Mean  error  of  position.  .. .   1.0       0.5       0.3       0.3  seconds  of  arc. 

The  sensitiveness  best  suited  to  high-grade  work  is  between  2  and 
5  seconds  per  2-mm.  division,  ranging  with  the  rigidity  of  the  instru- 
ment and  tripod,  the  ground  traveled  over  and  the  delicacy  of 
manipulation  of  which  the  observer  is  capable.  The  writer  has  found 
no  difficulty  in  using  a  2-second  level  tube  on  Buflf  and  Berger  Level 
No.  2768,  even  in  windy  weather,  with  no  other  shelter  than  a  large 
wagon  umbrella. 

c.  Temperature  Effects  on  Level  Tubes. — The  sensitiveness  of  a  level 
changes  with  the  temperature.  Hence,  all  level  readings,  used  in 
such  a  manner  as  to  involve  the  value  of  the  level  graduation,  will 
have  a  temperature  correction  which  must  be  determined  previously, 
and  the  value  of  a  graduation  should  be  expressed  as  a  function  of 
temperature.  To  illustrate  this  effect,  the  following  figures  are  qu.oted 
from  exjjeriments  by  Reinhertz: 

,{t)  temperature,  degrees  Centigrade,  —2.2°  -f9.0O-(-  19.7°  +27.70 
(?j)  seconds  per  one  division  of  level,       8.46"   7.65"    6.12"    5.67" 

The  equation  repi-esenting  the  value  of  one  division  of  this  level 

for  any  temperature  within  the  observed  range  is  r  =  8. 2  —  -^  seconds. 

Rapidly  changing  temperature  causes  much  annoyance,  and  intro- 
duces an  uncertainty  which  prohibits  the  use  of  sensitive  levels,  even 


806 


MOLITOR   ON"    PRECISE    SPIRIT   LEVELING. 


[Papers. 


when  shaded  by  an  umbrella.     The  latter  should  always  be  used  on 
precise  level  work. 

The  length  of  the  bubble  changes  materially  with  the  tempera- 
ture, and  the  rate  of  change  depends  on  the  sensitiveness  of  the  level. 
The  data  in  Table  No.  2,  taken  from  the  above-named  exjieriments, 
will  illustrate  this.  The  length  of  the  bubble  is  thus  inversely  pro- 
portional to  the  temperature. 

TABLE  No.  2. 


Value  of  level  per  division. 

Length  of  Bubble  in  DrvisioNS. 

Change  per 

Seconds. 

0°  C. 

15°  C. 

30°  C. 

1°  C. 

5 
10 
15 
30 
30 

3-3 
30 
26 
24 
23 

25 
24 
22 
20 
20 

18 
18 
18 
17 
18 

0.45  div. 

0.35 

0.28 

0.34 

0.18 

The  Telescope. 

A  brief  description  of  the  telescope  and  its  vital  parts  is  consid- 
ered necessary  to  a  clear  understanding  of  many  of  the  points  treated 
in  the  following. 

a.  The  Laws  of  the  Lens. — The  only  forms  of  lenses  used  in  tele- 
scopes for  surveying  purposes  are  the  double  convex  and  its  special 
case  of  plano-convex.  B, 

The  axis  of  a  lens  is  the  line  >  "'^^ 
joining  the  centers  of  curvature 
of  its  two  surfaces,  and  in  a 
plano-convex  lens  the  axis  is 
perpendicular  to  the  jjlane  sur- 
face and  passes  through  the 
center  of  curvature  of  the 
curved  surface. 

The  optic  center  of  a  lens 
is   the  point,  any  ray  passing  Fig.  8. 

through  which  suffers  no  refraction.  The  only  point  satisfying  this 
condition  is  on  the  optic  axis,  and  divides  the  thickness  of  the  lens  pro- 
portionally to  the  radii  of  curvature.  Hence  the  simple  construction 
in  Fig.  8,  for  finding  the  optic  center. 
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The  radii  r  aud  r'  are  drawn  parallel,  and  the  optic  center  0  is  at 
the  intersection  of  EE'  with  C  C.  The  ray  A  A'  passes  through  the 
optic  center  and  is  not  bent  by  refraction,  while  the  ray  B  B',  not 
through  0,  is  refracted,  making  5^57 1|  B'  E'.  It  is  readily  seen  that  in 
a  plano-convex  lens  the  optic  center  is  on  the  curved  surface  at  the 
intersection  with  the  ojitic  axis. 

The  focal  length  of  a  lens  is  found  from  the  following  formulas  : 

For  double  convex  lenses 

For  plano-convex  lenses 

in  which  it  is  the  refractive  index  of  the  glass,  and  r  and  r'  are  the 
radii  of  curvature  of  the  lens  surfaces. 

AQ  P 


K f^ ^ -0 

Fig.  a. 
The  rays  from  any  jjoint  of  an  object  distant  D,  from  the    optic 
center  of  a  lens,  converge  to  a  focus  on  the  opposite  side  of  the  lens, 
forming  an  image  at  a  distance  d,  from  the  optic  center,  according  to 
the  general  law  expressed  bv 

D^  d-f 

Such  a  pair  of  points  are  called  conjugate  points,  and  all  rays  par- 
allel to  the  ojitic  axis  of  a  lens,  or  jDassing  through  the  optic  center  of 
a  lens,  are  called  principal  rays. 

In  the  above  equation  when  D  =  <x  ,f^.d,  giving  a  ready  means  of 
determining  the  focal  length  of  a  lens  by  direct  measurement.  When 
_D  varies  between  infinity  and  2  f,  d  >/",  and  the  image  is  always  in- 
verted and  demagnified,  which  is  the  condition  of  an  objective  lens. 
For  vahies  of  D  between  zero  and/,  d  becomes  negative  and  the  image 
is  magnified  but  not  inverted,  which  is  the  case  of  a  magnifying  lens 
or  eyepiece. 

When  the  position  of  a  point  or  object  is  known  with  reference  to 
a  certain  lens,  the  conjugate  point  or  image  may  be  found  (Fig.  9)  by 
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drawing  the  two  principal  rays  through  this  object;  thus  P  Q  parallel 
to  the  axis  of  the  leas  and  through  the  focus  F,  and  P  0  through  the 
optic  center  of  the  lens.  The  intersection,  p,  of  Q  F  produced  and 
P  0,  is  the  image  of  P.  This  construction  can  be  readily  made  when 
f  is  known,  and  applies  as  well  to  the  case  when  cl  is  negative. 

To  correct  spherical  aberration  good  lenses  are  generally  made  with 
slightly  unequal  curvature  on  the  two  surfaces,  and  the  flatter  surface 
should  face  the  object. 

The  foregoing  general  principles  will  suffice  to  make  the  construc- 
tion of  a  telescope  understandable. 

b.  The  Telescope. — The  telescojje  consists  of  a  lens  forming  the  ob- 
jective at  0,  Fig.  10,  mounted  in  a  metal  tube  into  which  slides  a 
second  metal  tube  carrying  the  eyepiece  lenses  at  E  and  the  reticule  at 
R,  which  latter  must  be  at  the  focus  of  the  objective. 


(a) 
TELESCOPE  OF  BUFF  AND  BERGER  PRECISE  LEVEL,  No,  2768. 

Fig.  10. 

The  eyepiece  lenses  ai'e  arranged  so  that  they  may  be  focused  on 
the  threads  of  the  reticule,  and  both  are  made  to  move  together,  by 
rack  and  pinion  motion,  to  bring  the  reticule  to  the  focus  of  the  objec- 
tive. Thus  the  reticule  is  made  to  coincide  with  the  inverted  and 
demagnitied  image  of  the  objective  at  R,  and  both  are  seen  through 
the  magnifying  lens  (or  lens  combination)  of  the  eyepiece.  Hence, 
the  image  in  such  a  telescope  is  always  inverted  unless  a  special  set  of 
erecting  lenses  is  added  to  the  eyepiece,  which  is  not  advisable  owing 
to  loss  of  distinctness  and  loss  of  light  caused  thereby. 

The  tube  of  the  eyepiece  must  slide  in  the  telescope  tube  without 
lateral  play  and  in  a  straight  line.  To  insure  this,  the  eyepiece  slide 
should  be  very  nearly  the  full  length  of  the  telescope  and  be  pressed 
against  one  side  of  the  telescope  tnbe  by  four  springs  *S^,  placed  in 
pairs  120-  apart. 

The  entire  telescope  is   supi^orted   on   agate  points  of  a   cradle 
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against  steel  collars  C  and  C  of  exactly  equal  diameters,  and  rigidly 
connected  witli  the  tube  of  the  objective  forming  the  body  of  the 
telescope.  The  entire  telescope  can  thus  be  revolved  about  an  axis 
passing  through  the  centers  of  the  two  collars.  This  axis  is  the  axis 
of  the  telescope  or  axis  of  collimation,  and,  in  a  perfect  instrument, 
the  optic  centers  of  all  the  lenses  and  the  center  of  the  reticule  should 
be  on  this  axis. 

The  line  joining  the  optic  centers  of  the  eyepiece  and  objective  is 
termed  the  optic  axis.  The  line  of  sight  is  the  line  joining  the  optic 
center  of  the  objective  with  the  center  of  the  reticule,  and  is  inde- 
jjendent  of  the  position  of  the  eyepiece,  and  not  coincident  with  the 
axis  of  the  telescope,  unless  made  so  by  the  maker  and  by  adjust- 
ment. The  extent  to  which  this  may  be  accomplished  will  be  shown 
later. 

c.  The  Objective.— T^h.e  objective  consists  of  a  double  convex  lens  of 
crown  glass  cemented  to  a  concavo-convex  or  plano-concave  lens  of 
flint  glass,  siipplying  the  very  essential  jjroperty  of  achromatism. 
This  combination  may  be  regarded  as  a  double  convex  lens,  for  all 
practical  purposes,  and  should  have  a  long  focal  length  so  as  to  give 
the  largest  jjossible  inverted  image.  The  laws  of  the  simple  lens 
apply  also  to  this  combination. 

The  diameter  of  the  objective  governs  the  illuminating  power  of 
the  telescope,  and  for  this  reason  the  objective  lens  should  be  as  large 
as  possible,  consistent  with  other  details  of  construction.  Neglecting 
loss  of  light  from  obstriictions  in  the  lens  itself  and  color  effect,  the 
relative  illuminating  power   of  a  telescope   is  approximately  repre- 

sented  by  i  =■  - — - ,  where  S  =  diameter  of  objective  in  millimeters, 

and  7)1  =  magnifying   power    of   the   telescope   in    diameters.      The 
natural  illumination  is  taken  as  unity. 

(/.  The  Eyepiece. — The  eyepiece  may  consist  of  a  single  lens  or  a 
combination  of  lenses.  The  single  lens  is  subject  to  spherical  and 
chromatic  aberration,  and  is,  therefore,  inferior  to  the  combinations 
which  are  designed  to  avoid  either  or  both  of  these  defects.  The 
Ramsden  eyepiece,  consisting  of  two  plano-convex  lenses  with  the 
convex  surfaces  toward  each  other,  corrects  spherical  aberration,  but 
is  not  achromatic,  while  the  Kellner  and  Steinheil  combinations  are 
both  achromatic  and  free  from  aberration. 
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The  eyepiece  is  simply  a  magnifiei'  of  the  image  formed  by  the 
objective,  and,  as  such,  does  not  influence  the  errors  of  the  telescope. 
Very  bad  mounting  would  interfere  with  the  sharpness  of  definition 
in  parts  of  the  field  of  view  and  shoiild  be  avoided,  to  the  extent  of 
obtaining  sharp  definition. 

The  focal  length  of  a  compound  eyepiece  is  expressed  in  terms  of 
the  focal  lengths  of  its  respective  lenses  and  the  distance,  a,  between 
their  optic  centers,  by  the  following  formula: 

f  =        f'f 
•^        f  +/'  -  « 

e.  Tlie  Reticule. — This  was  invented  by  William  Gascoigne  in  1640, 
and  consists  of  a  ring  interposed  in  the  eyepiece  slide  of  the  telescope 
perpendicular  to  the  telescojje  axis.  It  is  made  adjustable  horizon- 
tally and  vertically  by  four  capstan  screws.  Fig.  10  a.  Four  spider 
threads  are  mounted  on  this  ring,  one  vertical  and  three  horizontal. 
The  two  extreme  horizontal  threads  are  used  for  distance  determina- 
tions, and  incidentally  give  a  means  of  increasing  the  number  of 
readings  to  eliminate  errors  of  estimation.  They  serve  an  almost 
indispensable  purpose  in  avoiding  misreadings.  The  intersection  of 
the  mean  horizontal  and  the  vertical  threads  marks  the  aiming  point 
on  the  line  of  sight  for  the  eye-end  of  the  telescope. 

The  interval  between  the  extreme  horizontal  threads  is  so  chosen 
that  the  intercept  formed  by  them  on  a  vertical  scale  or  rod  is  some 
even  fraction  of  the  distance  of  such  rod  from  the  instrument.  Owing 
to  the  high  magnifying  power  of  the  eyepiece  generally  used  on  pre- 
cise levels,  this  interval  should  be  such  that  the  ratio  between  rod 
intercept  and  distance  should  not  exceed  the  ratio  1:  200,  and  may  be 
still  smaller,  up  to  1:500,  though  1:200  does  not  approach  the  limits 
of  sharp  definition  of  the  eyepiece,  and  yet  is  very  convenient  for 
converting  rod  intervals  into  actual  distance.  Smaller  ratios,  of 
course,  give  less  accurate  distance  determinations. 

The  actual  horizontal  distance,  /,  is  determined  from  the  rod  inter- 
cept, /,  or  wire-interval,  by  the  well-known  stadia  formula, 

I  ^=  k  i  -{-  c  -\-f  for  horizontal  sights, 

in  which  I:  is  the  stadia  constant,  prefei-ably  200  for  levels,  /  is  the 
focal  length  of  the  objective,  and  c  is  the  distance  from  the  center  of 
the  instrument  to  the  optic  center  of  the  objective. 
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Hence,  for  any  nnniber,  »,  of  successive  settings  of  an  instrument 
the  continuous  distance  for  a  stretch  of  levels  would  be 

where  2^^  I  is  the  sum  of  all  back  and  fore  sights  of  the  stretch,  and 
1=2^  i  is  the  sum  of  the  thread  distances,  or  rod  intercepts,  for  all 
back  and  fore  sights.  This  formula  seems  complicated,  but,  in  prac- 
tice, its  solution  is  made  very  simi^leby  tabulating  the  function  k  /for 
values  of  /from  1  to  100.  However,  when  k  is  exactly  200,  a  condition 
which  the  maker  can  sujiply,  then  no  tabulation  is  necessary. 

/.  The  Steel  Collars. — These  form  a  very  imj^ortant  feature  of  the 
telescope,  and,  as  might  be  inferred  from  what  has  already  been  said, 
the  direction  of  pointing  of  the  telescope  depends  on  the  condition  that 
these  collars  are  exactly  equal  and  that  they  remain  equal.  This  con- 
dition is  never  realized  in  j)ractice,  but  no  serious  results  need  follow 
from  this  source,  as  will  be  shown  later. 

Some  makers  prefer  to  make  the  collars  of  bronze  instead  of  steel, 
but,  with  ordinary  care,  steel  collars  will  not  rust,  and  this  is  their 
only  objectionable  feature,  while  bronze  is  very  subject  to  corrosion, 
especially  in  contact  with  grease  or  oil,  and,  being  generally  quite 
soft,  is  not  nearly  as  desirable  as  high  steel. 

The  Sources  of  Eeror  in  Precise  Leveling. 
1.   Introductory. 

It  is  proposed  here  to  show  the  many  sources  of  error  to  which  the 
l^rocess  of  leveling  is  subject,  and  to  demonstrate  methods  of  determin- 
ing them  when  they  are  sufficiently  constant  to  make  such  determin- 
ation possible. 

As  is  readily  seen,  these  errors  are  not  all  of  an  accidental  nature, 
and  some  of  them  do  not  depend  either  on  the  instrument  or  the 
observer. 

The  variations  in  gravity  at  different  points  and  elevations  on  the 
earth's  surface  and  the  attraction  of  the  sun  and  moon  are  constant 
sources  of  error,  but  these,  while  they  may  be  considered  measurable 
and  should  enter  into  a  disciTssion  of  this  kind,  are  nevertheless  of 
minor  importance  to  the  instrumental  errors.  These  latter,  as  will  be 
shown  later,  may  be  eliminated  by  jiroper  methods  and  careful  work, 
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leaving  as  tlio  most  dangerous  errors  those  which  are  caused  by  rapidly 
changing  temperature  and  atmospheric  conditions. 

All  the  foregoing  sources  of  error  have  been  classified  in  a  manner 
appearing  most  logical  and  natural,  and  while  much  that  is  said  is  not 
new,  yet  a  great  deal  of  this  work  is  original  and  is  considered  as 
valuable  in  throwing  light  on  many  difficulties  previously  attributed  to 
erroneous  causes.  The  writer  has  aimed  to  discover,  by  careful  study 
and  research,  all  the  errors  to  which  the  process  of  leveling  is  subject. 
Whether  or  not  this  aim  has  been  materialized  remains  for  future 
investigation  to  prove. 

2.  Effect  of  the  SjDheroidal  Shape  of  the  Earth  on  Long  Level  Lines. 

a.  Force  of  Gravity.  — The  direction  of  the  plumb  line  at  a  point  on 
the  earth's  surface  is  the  resultant  of  the  force  of  gravitation  and  the 
centrifugal  force  caused  by  the  earth's  rotation.  Since  the  earth  is  an 
ellipsoid  it  follows  that  both  gravitation  and  centrifugal  force  change 
their  relative  values  for  different  points  on  the  earth,  and  thus  affect 
the  resultant  which  governs  the  direction  of  the  plumb  line. 

"  The  attraction  which  the  earth  exerts  upon  a  body  at  its  surface 
is  the  sum  of  the  paiiial  attractions  which  each  part  of  the  earth 
exerts  upon  the  body,  and  the  resultant  of  all  these  attractions  may  be 
considered  to  act  from  a  single  point — the  center.  Hence,  if  the  earth 
were  a  perfect  sphere,  a  given  body  would  be  equally  attracted  at  any 
point  of  the  earth's  surface.  The  attraction  would,  however,  vary 
"with  the  height  above  the  sui*face."* 

In  order  to  compare  the  force  of  gravity  for  different  jDoints  and 
different  elevations,  it  should  always  be  corrected  to  correspond  to  sea 
level. 

Since  the  force  of  gravity  is  inversely  proportional  to  the  square  of 
the  distance  from  the  earth's  center,  and  calling  g,^  this  force  at  mean 
sea  level,  g'  the  force  of  gravity  at  an  elevation  It  in  free  air  above  sea 
level,  and  R  the  radius  of  the  earth,  then 

g,       {R  +  hy-  R   + ^^' 

For  a  point  on  a  high  plateau  of  elevation  h  above  mean  sea  level, 
the  force  of  gravity  is  affected  by  the  mass  of  this  plateau  and  becomes 
g".     If    d  denotes  the  density  of  the  material  of  the  plateau,  d^  the 

*  Ganot's  Physics,  1883,  Art.  82,  p.  66. 
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mean  density  of  the  earth,  A  g  the  effect  produced  by  the  mass  of  the 
plateau  on  the  point  h,  exclusive  of  the  attraction  produced  by  the 
earth,  and  Ti^  a  constant,  then  /I  g  ^^  ^  n  Jc^  8  h  (nearly).* 

The  attraction  of  the  earth  alone  (using  the  same  constant  Ic)  is 

^^  =  ¥ ^'  ~^^  ^^k^TcRd^ (2) 

The  ratio  —   is  generally  about  |,  as  the  density  of  the  interior 

^  III 

earth  is  about  twice  that  at  the  surface,  hence 

J  g  _    ^8h     _  2,Ji^ 
g,  -2X^-4~^ ^^' 

But  the  force  g^  corrected  for  the  elevation  h,  without  regard  to  the 
mass  of  the  plateau,  would  be,  from  Equation  (1), 


=^"  0-1^) 


9' =  90  \}  —^) (4) 

Hence,  since  g"  ^  g^  -\-  Jg  -\-  (g'  —  g^),  the  actual  attraction  g" 
found  from  Eqiiations  (3)  and  (4)  is 

In  ajjplying  the  foregoing  to  a  revolving  ellipsoid  like  our  earth, 
other  theories  are  involved  which  are  considered  in  the  following. 

The  foregoing  equations  apply,  strictly  speaking,  only  to  a  sphere, 
but,  within  knowable  limits,  they  also  apply  to  an  ellipsoid,  pro- 
vided allowance  is  made  for  the  change  in  direction  of  the  gravity 
forces  resulting  from  the  latter  shajje,  in  which  the  forces  no  longer 
intersect  in  the  center  of  the  mass,  and,  for  a  general  assumption 
regarding  distribution  of  mass,  these  forces  cannot  be  assumed  normal 
to  the  surface  of  the  ellipsoid. 

Since,  according  to  the  Kant-Laplace  theory,  the  earth  is  an 
ellij)soid  of  revolution,  produced  from  a  fluid  or  semi-fluid  mass,  by  the 
influence  of  attraction  and  centrifugal  force,  it  follows  that  the  result- 
ant of  all  the  forces  acting  at  a  given  point  of  the  earth's  surface 
must  be  normal  to  the  surface  at  the  given  jjoint. 

*See  Helmert,  Hohere  Geodesie,  II,  pp.  143  and  164. 
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Tlie  mass  attraction  g',  of  the  ellipsoid  Fig.  11,  on  a  point  p  of  its 
surface,  may  be  resolved  into  two  components  G  and  Q ;  tlie  former, 
being  the  larger  component,  is  directed  toward  the  center  of  the  earth 
at  0,  and  the  latter  is  normal  to  G  at  p. 


P/ 
77 


..<, 1 — I — J. 

Fig.  11. 

The  centrifugal  force  at  the  equator  is  /  =  a  v-,  in  which  v  is 
angular  velocity.  For  a  latitude  0  this  force  becomes /^  =  a  cos  4)  v^ 
=/cos  0.  This  centrifugal  force  may  also  be  resolved  into  the  com- 
ponent/"cos-  cp,  normal  to  the  surface  at  p,  and  the  tangential  com- 
ponent/cos 0  sin  0,  the  latter  coinciding  very  nearly  in  direction  with 
Q.  The  resultant  of  the  gravity  and  centrifugal  forces  at  p  will  then 
be  g,  which  makes  a  small  angle  with  g'  and  the  angle  cp  with  the 
equator.  In  other  words,  g  is  normal  to  the  ellipsoid  at  j)  and  makes 
the  angle  of  the  latitude  with  the  equator. 

Hence,  it  follows  that  g,  the  force  or  acceleration  of  gravity,  at  p, 
is  proportional  to  sin^  0*  as  expressed  by  the  formula 

g  =  9.7800  (1  +  0.005310  sin-  0)  m.  per  second (6) 

For  latitude  45°  this  becomes 
gf^  =  9.7800  (1  -f  0.002655)  =  9.80597  m.  per  second  at  sea  level ....  (7) 

By  substitution  in  (6)  for  sin^  0  =  i  (1  cos  2  0)  and  combining  (6) 

and  (7)  then 

g  =  gj'{l-/icos20) (8) 

in  which  gr/^  at  sea  level  =  9.80597  m.  and  /?  =  0.002655,  a  constant. 

For  any  other  point  in  free  air  and  at  an  elevation  //,  Equations  (1) 

and  (8)  give  :  45  /  2  7A 

^  '  g=  g,,     (^  1  —  /i  cos    2    0  —  -^ J (9; 

and  for  a  point  on  a  high  plateau  of  elevation  It,  Equations  (5j  and  (8) 

^^''=  <,  =  ,,/(l-/?cos2  0-|^) (10) 

*  See  Helmert,  Hohere  Geodesie,  II,  pp.  241  and  609. 
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b.  Di/uamic  and  Orthometric  Heights  on  the  Eartli's  Surface.  -The 
elevation  of  a  point  h  above  sea  level,  determined  by  direct  measure- 
ment on  a  vertical  line,  gives  the  orthometric  height  of  that  point. 

The  dynamic  height  of  this  point  is  represented  by  the  work  re- 
quired to  raise  a  unit  mass  through  the  height  h. 

Since  the  force  of  gravity  varies  at  different  points  on  a  meridional 
plane,  as  represented  by  Equations  (9)  and  (10),  it  follows  that  the 
amount  of  work  required  to  raise  a  lanit  mass  through  the  orthometric 
height  h,  at  different  points  on  a  meridian,  will  vary  inversely  as  the 
force  of  gravity  at  these  points.  Calling  (/jandr/j  the  forces  of  gravity 
for  two  points  on  the  ellipsoid  in  latitudes  0j  and  00'  resjaectively, 
and  h^  and  7^2  the  orthometric  heights  corresiDonding  to  equal  dynamic 
effects  at  the  two  points,  respectively,  then  the  following  relations 
must  exist : 

f1\  fii=f/>hor^  =  ^ (11) 

''2      yi 


Now,  from  Equation  (10), 


5h.^ 


g,  =  g,f  (l  -  /i  cos  2  0,  - 1^)  and  g,  ^  ./,«  (l  -  (5  cos  2  <p,  - 

from  which 

^^        l  —  (i  cos  2  02  —  j;^ 

—  =  y^  = p-^    —1  —  /?  (cos  2  09  —  COS  2  0,)  nearly. 

^^      ^'^      l-/icos20,-|^ 

=  1  -f  2  /i  sin  (  01  +  02 )  sin  ( (p.,  —  0, ). 

Calling   0  the    mean   latitude    between   the   two  places   and    L   the 

meridional  distance  or  difference  in  latitude  measured  in  kilometers, 

then 

sin  (0,  -f-  02)  =  sin  2  0 

T     ■     /  1        ^  /(/^-i —  0i\        L  ,         .  0.,  —  0, 

and  sm  (0.,  =  0,)  ==  ^  cos    (  -^-— ■'  I  =  -=  nearlv,  since   -^ — ' 

K  \       A        /        K  ■  2 

is  generally  a  very  small  angle  and  its  cosine  nearly   eqiial  to  one. 

Hence 

^  =  1  +  2  /i  sin  2  0  ^ (12) 

li.2  K 

JT    T 

or     7^1  —  7^2  =  2  ft  sin  2  0  -^-  nearly (13) 

in  which  H  =  mean  elevation  of  the  two  points  above  sea  level. 
The  factor  H  L  (see  Fig.  12)  then  becomes  equal  to  the  projected  area 
of  the  elevation  or  plateau  (upon  which  the  two  points  h^  and  7^2  are 
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situated)  upon  a  middle  meridional  plane.  Calling  this  area  HL  =  A 
and  substituting  for  (3  =  0.00265  and  i?  =  6  370  000  m.  in  Equation 
(13),  then  h^  —  h^^  0.832  ^  sin  2  0 (14) 

If  ^  be  given  in  square  kilometers,  in  Eqiiatiou  (14),  //j — 7?^  will 
be  in  millimeters. 

Equation  (14)  then  represents  the  orthometric  error  produced  by 
the  dynamic  effect  of  the  earth  on  the  plumb  line  in  passing  between 
points  0j  and  (p.2  at  a  mean  level  H  above  sea  level.  It  will  be  seen 
that  this  error  is  confined  to  meridional  distance  alone,  since  a  section 
of  the  earth  parallel  to  the  equator  is  always  a  circle  and  accordingly 
the  force  of  gravity  is  constant  for  a  given  latitude.  This  would  be 
true  for  any  imaginary  sea  level  above  the  present  level. 

p'/9i)."35 


.^-i^^^^^^ 

p~ 

y^^^^^^ 

A/     '^ 

kXjooX 

y\                        \ 

/  /    /,p^  yf^  \ 

-45^                    \ 
^^\         100.265  M 

C     A  B      D 

Fig.  13. 

Considering  A  P  B  (Fig.  12)  the  present  sea  level,  and  then  sup- 
posing that  this  level  were  I'aised  to  a  spheroidal  surface  C  P^  D,  as 
in  the  case  of  a  flood,  the  following  conditions  will  be  found  to  exist: 

From  Equations  (8)  and  (11)  it  is  seen  that  equal  dynamic  heights 
at  the  points  B  (equator),  F  (for  0  =  45°)  and  P'  (at  pole),  will  bear 
the  ratio  of      b  :  F :  P'  =  100.265'"  :  100.000™  :  99.735™. 

Hence  such  a  new  water  level  would  not  form  a  concentric  curve 
with  the  present  spheroid,  but  would  have  the  shape  indicated  in  Fig. 
12.  This  leads  to  the  following  conclusion  as  regards  the  gravity 
effect  on  absolute  elevations  as  referred  to  mean  sea^level. 

It  is  readily  understood  that  in  a  line  of  iJrecise  levels  run  along  the 
earth's  surface  on  a  meridian,  and  at  sea  level,  from  the  equator  to  the 
pole,  the  closure  with  sea  level  at  the  pole  would  be  zero.  But  if  a 
return  line  were  run  from  the  pole  to  the  equator,  taking  the  path  indi- 
cated by  the  hne  P'  D  (Fig.  12),  and  then  closing  back  on  the  point  B 
the  complete  loop,  even  if  free  from  all  error,  would  close  with  a 
spheroidal  error  of  99.735  —  100.265  =  —  0.530  m. 
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In  a  similar  rnauner  Equation  (14)  then  represents  the  error  intro- 
duced bj  gravity  into  any  line  of  levels  run  between  points  on  latitudes 
0,  and  (f)r,,  or  through  a  meridional  arc  0  (in  degrees),  in  which  A 
rejiresents  the  projected  area  of  ithe  level  profile  upon  a  middle 
meridional  plane,  taking  the  mean  sea  level  for  the  axis  of  ordinates. 
Also,  //j  —  7^2  represents  the  gi-avity  error,  and  for  a  point  north  of  the 
starting  point  this  error  is  positive  or  additive  to  the  elevation  of  the 
terminal  point  to  give  true  sea  level.  The  error  is  negative  for  a  point 
south  from  the  starting  point. 

While  the  above  derivation  is  not  rigid  and  the  resulting  Equation 
(14)  is  only  approximate,  it  is  believed  that  the  accuracy  attained  by 
its  use  is  quite  within  practical  limits. 

It  should  be  noted  that  the  local  deflection  of  the  jjlumb  line  as 
might  be  caused  by  a  mountain,  when  leveling  up  on  one  side,  is  not 
considered  in  the  foregoing. 

3.  Disturbing  Influence  of  Difi"erential  Attraction  of  the  Sun  and  Moon 
on  the  Direction  of  Gravity,  and  Its  Effect  on  Spirit  Leveling. 

The  discussion  of  this  subject  is  abstracted  from  the  Report  of  the 
Coast  and  Geodetic  Survey,  1887,  p.  196,  from  the  article  of  the  above 
title  by  Charles  A.  Schott,  Assistant. 

The  following  formulas  for  the  disturbance  in  direction  of  gravity 
by  the  action  of  the  sun  or  moon  as  a  result  of  the  diurnal  variations 
in  position  of  these  luminaries  with  respect  to  any  point  of  the  earth's 
surface,  were  the  result  of  an  investigation  by  Dr.  F.  R.  Helmert*: 

Let    J/=  Mass  of  the  sun  or  moon; 
Mq  =  Mass  of  the  earth; 
p  ^=  Horizontal  parallax  of  the  luminary ; 
z  =  Zenith  distance  of  the  luminary ; 
A  =  Azimuth  of  the  luminary  counting  from  south  around 

by  west; 
cc  =  Azimuth  of  the  level  line  counting  from  south  around  by 

west ; 
I  =  Length  of  a  single  shot,  in  meters; 
P  =--  The  disturbing  effect  on  the  direction  of  gravity; 
3  M  sin'^  p 


then        P  = 


2  Mr.  sin  1"' 


•  Hohere  Geodesic,  Vol.  2,  Chapters  5  and  7;  Leipzig,  1880-84. 
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and  the  southerly  deviation  of  the  disturbed  zenith  will  he 

S  =  —  P  sin  2  z  cos  A, 
and  the  westerly  deviation  will  be 

W  =  — P  sin  2  z  sin  A. 
In  consequence  of  the  distiirbed  direction  of  gravity,  the  position 
of  the  level  surface  at  any  point  on  the  earth  will  be  changed,  and  this 
will  affect  the  pointing  of  a  level. 

If,  for  instance,  a  level  line  is  run  in  a  southwesterly  direction  the 
fore  sights  will  be  dejaressed  in  consequence  of  the  disturbed  vertical 
by  the  angle 

^=  S  cos  QC  +  W  sin  a    =  — P  sin  2  z  cos  (A  —  a  ) (1) 

and  the  correction  to  the  rod  readings  will  be  +  ^fi  on  the  fore  sight 
and  /y  on  the  back  sight.  Hence,  the  correction  to  diflference  of  ele- 
vation will  be 

2  /  P  sin  2  2  cos  (^  —  a  ) (2> 

Introducing  niimerical  values  in  the  above  expression  for  P,  the 
maximum  effect  for  the  moon  becomes  P  =  0.0174"  =  O.OOO  000  083  in 
arc,  and  for  the  sun  P  =  0.0080"  =  0.000  000  043  in  arc.  Thus,  for 
any  one  instrumental  setting  this  effect  is  altogether  insensible,  but  it 
may  become  sensible  by  accumulation  in  extended  lines  of  levels. 

Let  it  be  supposed  that  the  sim  and  moon  are  in  the  equator,  or  have 
zero  declination,  and  that  the  leveling  is  done  in  the  northern  hemi- 
sphere, then  in  the  expression  (2)  z  in  the  first  quadrant  will  be  accom- 
panied by  A  in  the  first  or  fourth  quadrant,  and  z  in  the  second 
quadrant  will  be  accompanied  by  A  in  the  second  or  third  quadrant. 
Hence,  in  leveling  from  north  to  south,  or  for  a  =  0,  this  expression 
will  always  be  positive,  whereas  for  an  east  and  west  line  (x  =  90°)  a 
change  in  sign  may  take  place  and  compensation  will,  to  some  extent, 
diminish  the  effect  under  consideration.  The  circumstance  that  the 
luminaries  assume  different  declinations  does  not,  in  the  main,  alter 
the  general  effect. 

For  level  lines  in  a  north  and  south  direction  there  will  remain  some 
average  effect  on  the  resulting  difference  of  elevation  which  cannot  be 
eliminated  by  a  repetition  of  lines.  However,  for  an  east  and  west 
line  the  lunar  effect  may  be  eliminated  and  the  solar  effect  be  con- 
siderably diminished.  The  actual  effect  on  a  line  may  not  exceed 
two-thirds  the  maximum  value  and  will  generally  be  less  than  one-half 
of  the  same. 
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A  Hue  of  levels,  100  km.  long,  running  due  soutli,  might  incur  a 
maximum  producible  error  from  the  moon  of  +  8.3  mm.,  though  the 
actual  error  would  probably  not  exceed  4  or  5  mm.  The  sun  alone 
would  produce  about  half  as  much  as  that  estimated  for  the  moon. 

For  a  duplicate  (direct  and  reverse)  line  of  levels,  1  000  km.  long, 
in  an  east  and  west  dii-ection,  during  the  summer  months,  running 
forenoons  always  westerly  and  afternoons  always  easterly,  Dr.  Hel- 
mert  estimates  that  the  results  of  the  two  levelings  may  differ,  in  con- 
sequence of  differential  solar  attraction,  by  as  much  as  87  mm., 
although  the  mean  result  would  not  be  affected. 

Whether  or  not  such  an  effect  could  be  demonstrated  with  the 
present  methods  and  instruments  seems  somewhat  doubtful,  as  it  would 
appear  that  so  small  an  error  as  0.08  mm.  per  kilometer  would  be  en- 
tirely concealed  by  the  existing  probable  uncertainties  of  leveling. 

However,  the  following  observations  made  by  the  writer  in  1898-99, 
while  running  a  duplicate  line  of  i^recise  levels  along  the  St.  Lawrence 
Kiver,  show  something  of  this  kind. 

The  general  direction  of  the  Hne  was  from  northeast  to  southwest, 
over  a  distance  of  about  207  km.,  run  in  167  separate  stretches,  during 
August,  September,  October  and  November,  1898,  and  May,  1899. 

Table  No.  3  shows  the  number  of  closures  of  each  sign  for  the  four 
combinations  of  direct  and  reverse  lines  run  forenoons  and  afternoons. 

TABLE  No.  3. 


Stretches  Run. 

Direct,  a.  m. 
Reverse,  p.  m. 

Direct,  p.  M. 
Reverse,  a.  m. 

Direct,  A.  M. 
Reverse,  a.  m. 

Direct,  p.  m. 
Reverse,  p.  m. 

No.  of  stretches 

Sign  of  closure 

30           25 

+            - 

17 

+ 

23 

19 

+ 

14 

18 
+ 

21 

Percentage  

82x5"  minus. 

7Vi  Dlus. 

73%'  minus. 

85^  plus. 

Of  the  167  stretches,  84  closed  with  a  plus  error  and  83  with  a  minus 
error,  showing  that  this  effect  was  practically  ehminated  in  the  entire 
work  by  properly  dividing  up  the  work  between  forenoons  and  after- 
noons. This  division  was  as  follows ;  88  direct  lines  run  a.  m.  ;  79  direct 
lines  run  p.  m.  ;  73  reverse  lines  run  a.   m.  ;  and  94  reverse  lines  run 

p.   M. 
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The  stretclies  tabulated  in  the  third  and  foiirth  combination  in 
which  direct  and  reverse  lines  were  run  in  the  same  half  of  the  day 
vitiate  to  some  extent  the  law  sought,  because  it  there  depends  on 
which  one  of  a  pair  of  lines  was  run  first.  As,  for  instance,  of  the  3^ 
lines  run  direct  and  reverse  in  the  forenoon,  if  16  were  run  direct  in 
the  earlier  part  of  the  forenoon,  and  16  were  run  reverse  in  the  earlier 
13art,  then  there  should  be  an  equal  number  of  errors  of  each 
sign.  The  same  would  apply  to  lines  run  in  both  directions  in  the 
afternoon. 

Again,  the  work  done  in  clear  weather,  which  generally  jDrevailed, 
involves  a  much  larger  accidental  error  than  is  found  in  work  done  on 
cloudy  days,  and  this  again  vitiates  the  distinct  manifestation  of  a 
definite  law.  However,  the  general  result  of  the  first  and  second 
combination  in  Table  No.  3  exhibits  a  fair  indication  of  the  eflfeet 
here  considered. 

Hence,  it  might  be  concluded  that,  for  an  east  and  west  line,  thia 
error  can  be  eliminated  by  dividing  the  work  equally  between  the  two 
halves  of  the  day,  while  for  a  north  and  south  line  the  error  would  not 
be  manifested  by  the  work,  although  it  might  exist  to  the  same  extent. 

However,  it  is  quite  likely  that  this  is  merely  a  seeming  detection 
of  errors  from  the  soiirce  here  considered,  and  that  the  real  error  is 
one  due  to  temperatiire,  as  discussed  further  on. 

4.  Errors  of  the  Level  Tiibe. 

a.  Parallelism  of  the  Level  Tube  with  the  Vertical  Plane  through  the 
Telescope  Axis. — When  the  level  tube  is  not  parallel  to  the  vertical 
plane  through  the  telescope  axis  a  slight  lateral  tilting  of  the  striding 
level  will  cause  the  bubble  to  run  to  one  end  of  the  tube,  and  this 
would  introduce  an  error  of  pointing  unless  the  level  tube  were  always 
placed  with  its  axis  in  a  horizontal  i^lane,  which  is  impracticable. 
There  must  always  be  a  slight  play  laterally  to  permit  of  readily 
removing  the  tube  from  its  supports  and  reversing  it.  However,  the 
l^lay  necessary  for  this  purpose  is  very  small. 

Parallelism  of  the  level  tube  with  the  vertical  plane  through  the 
telescope  axis  can  be  readily  established  by  adjustment  with  the  hori- 
zontal adjusting  screw,  and  should  be  continued  until  a  lateral  tilt  of 
the  level  tube  no  longer  displaces  the  bubble.  This  adjustment  is 
called  the  lateral  adjustment  of  the  level  tube  and  is    not   likely  ta 
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change  much  iu  a  well- constructed  instrument,  but  the  adjustment 
should  be  tested  occasionally.  It  is  very  important  that  a  level  should 
be  free  from  error  of  this  kind,  because  the  observations  cannot  be 
made  to  eliminate  such  errors,  and  it  is  one  of  the  few  instances  in 
which  the  accuracy  of  the  Avork  depends  absolutely  on  the  adjustment 
of  the  instrument. 

b.  The  Horizontal  it  1/  of  the  Level  Tube.— Thi^  is  indicated  by  the  po- 
sition of  the  bubble  with  respect  to  the  graduation  on  the  glass  txibe 
of  the  spirit  level.  This  graduation  may  be  continuous  from  one  end 
of  the  tube  to  the  other,  or  it  may  extend  from  the  center  of  the  tube 
toward  its  ends,  which  latter  style  is  generally  more  convenient,  al- 
though the  first  always  identifies  the  end  of  the  tube  read.  Still,  this 
is  quite  unnecessary,  since  the  bubble  ends  can  be  identified  in  other 
ways,  and  readings  taken  from  the  center  outward  require  no  reduction, 
and  are,  therefore,  preferable. 

The  striding  level,  which  should  always  accompany  a  precise  level- 
ing instrument  (see  Fig.  7),  is  so  arranged  that  it  may  be  read  either 
in  a  direct  or  reversed  position,  and  the  construction  permits  of  ad- 
justing the  inclination  of  the  level  tube  to  the  points  of  support  on 
the  telescoije  collars.  This  may  be  done  by  clamping  the  instrument, 
after  it  has  been  made  approximately  level  by  the  small  spirit  levels, 
and  then  reading  the  striding  level  in  its  direct  and  reversed  position. 
One-half  the  discrepancy  thus  obtained  is  then  taken  up  on  the  verti- 
cal adjusting  screw  at  the  chamber  end,  and  the  other  half  is  corrected 
by  the  micrometer  on  the  wye-cradle.  This  operation  should  be  re- 
peated until  the  bubble  remains  in  the  center  for  both  direct  and  re- 
versed positions.  When  this  has  been  accomplished,  the  level  tube  is 
parallel  to  the  axis  of  the  telescope,  the  lateral  adjustment  having 
first  been  made  and  the  telescope  collars  being  exactly  equal.  The 
effect  of  unequal  collars  will  be  treated  later. 

While  this  adjustment  would  generally  eliminate  the  error  of 
horizontality  of  the  level  tube,  it  is  found  that  no  very  sensitive  level 
tube  will  hold  this  adjustment  very  long,  and  it  often  happens  that 
the  first  two  or  three  reversals  of  a  level  may  show  perfect  adjustment, 
and  a  fourth  reversal  may  indicate  a  considerable  error.  The  con- 
verse also  frequently  occurs,  especially  if  the  adjustment  is  tested 
soon  after  removing  the  level  from  the  box. 

Many  disturbances  of  the  level  tube  will  be  caused  by  fine  particles 
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of  grit  on  tlie  telescope  collars,  sudden  changes  in  temi^erature  and 
wind,  cooling  effect  of  rain  droj^s,  should  any  fall  on  the  level,  and 
passing  clouds  which  change  the  direct  and  reflected  rays  from  the 
sun.  All  these  are  ever  present  to  affect  the  horizontal  adjustment  of 
the  level  tube,  and  it  is  altogether  out  of  the  qiiestion  to  place  any 
reliance  on  a  level  holding  this  adjustment.  It  is  not  a  question  of 
quality  and  fineness  of  the  instrument;  on  the  contrary,  the  more 
sensitive  the  level  the  more  readily  will  its  adjustment  be  affected, 
and  this  is  no  detriment,  as  many  have  claimed,  but  is  a  positive 
safeguard,  and  keejjs  the  observer  constantly  informed  of  all  dele- 
terious influences  that  may  exist. 

The  effects  of  temperature  and  length  of  bubble  have  already  been 
discussed.  SuflSce  it  to  say  here  that  the  variations  in  curvature  of  a 
level  tube  from  temperature  eflect  vitiates  the  use  of  the  level  for  any 
measurements  in  which  the  value  of  this  curvature  is  involved,  while 
it  does  not  in  any  way  affect  the  utility  of  the  level  in  the  determina- 
tion of  the  horizontal  when  the  bubble  is  always  brought  to  the  center. 
This  is  one  of  the  prime  reasons  why  the  older  method  of  reading  the 
bubble  in  any  position  was  less  accurate  than  the  method  of  taking 
readings  with  the  bubble  in  the  center. 

It  follows,  then,  that  no  reliance  should  be  placed  on  the  capa- 
bility of  a  level  tube  for  holding  its  horizontal  adjustment,  and  hence 
there  is  no  possibility  of  measuring  this  error  and  applying  a  correc- 
tion therefor  to  the  observations.  The  only  rational  elimination  of 
this  error  can  be  accomplished  by  taking  observations  for  each  sight 
with  the  level  tube  direct  and  reversed.  The  mean  of  such  a  pair  of 
sights,  taken  in  quick  succession,  always  eliminates  the  bubble  error, 
whatever  its  amount  may  be.  Hence,  the  observer  need  only  keep  the 
level  adjustment  within  reasonably  small  limits,  and  carefully  avoid 
dust  between  the  contact  points  of  the  level  tube  and  the  telescope 
collars;  then,  repeated  pointings,  with  level  tube  direct  and  reversed, 
will  always  eliminate  the  bubble  error. 

c.  The  Parallax  between  the  Reflected  Images  of  the  Bubble  and  the 
Level  Tube  Graduation. — This,  as  seen  in  the  mirror,  constitutes  an 
ei-ror  in  level  pointings  which  is  apparent  from  the  diagram.  Fig.  13. 

The  bubble  a — b,  shown  in  the  center  of  the  level  tube  and  reading 
15  at  each  end,  is  seen  at  a' — b'  in  the  mirror  m — n,  while  the  image 
of  the  graduation  is  seen  projected  upon  a  different  plane,  thus  giving 
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rise  to  a  parallactic  error.  In  the  diagram,  the  mirror  image  would 
show  the  eye  end  of  the  bubble  at  14.1  divisions  and  the  object  end  at 
15.7  divisions  from  the  center  of  graduation.  The  mean  error  due  to 
parallax  would  then  be  0.8  division. 

Thus,  while  there  may  be  considerable  error  in  the  apparent  posi- 
tion of  the  bubble  as  seen  in  the  mirror,  this  error  remains  constant 
so  long  as  the  inclination  of  the  mirror  remains  the  same  and  the  eye 
is  always  in  the  same  position.  Both  these  requirements  are  practi- 
cally fulfilled.  Hence,  if  back  sights  and  fore  sights  are  equal,  this  error 
is  eliminated.  It  is  this  difficulty  which  is  solved  in  such  a  compli- 
cated manner  by  the  prismatic  combination  attached  to  the  French 
precise  level.  Fig.  2,  Plate  XXXV,  without  any  urgent  necessity. 


SKETCH   SHOWING  ERROR  OF   PARALLAX 

BETWEEN   IMAGE  OF  A  BUBBLE  AND   ITS 

GRADUATION   AS  SEEN   IN   A  MIRROR. 


Fig.  13. 

With  a  little  study  of  the  diagram,  Fig.  13,  it  is  readily  seen  that 
for  a  constant  position  of  the  eye,  a  certain  inclination  of  the  mirror 
will  make  the  parallax  of  the  bubble  ends  equal  and  opposite,  thus 
affecting  only  the  apparent  length  of  the  bubble,  as  seen  in  the  mirror, 
but  not  its  horizontalism.  This  angle  is  readily  found,  and  small 
set-screws  provided  on  the  mirror  or  mirror-frame  will  limit  the 
motion  of  the  mirror  to  the  desired  angle  (see  Fig.  7).  The  eye  can, 
with  little  practice,  be  placed  near  enough  to  the  same  position  to 
reduce  this  error,  due  to  parallax,  to  insignificance,  and  thus  make 
the  mirror  the  simplest  and  best  device  for  viewing  the  bubble  while 
taking  the  rod  reading.     With  little  practice  the  observer  can  learn  to 
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observe  both  the  rod  and  the  bubble  simultaneously,  an  advantage 
which  cannot  be  overestimated. 

Another  feature  in  favor  of  the  mirror,  as  applied  to  high-grade 
levels,  is  that  the  less  the  curvature  of  a  level  tube,  the  less  will  be  the 
error  due  to  parallax,  sui^posing  that  the  mirror  is  not  adjusted. 
Thus,  suppose  the  parallax  for  a  given  case  to  amount  to  0.5  bubble 
division,  then  if  the  level  have  a  curvature  of  10  seconds  per  division 
this  would  cause  an  error  of  5  seconds  in  pointing,  while  for  a  2-second 
level  tube  the  error  in  pointing  would  be  only  1  second.  Hence,  a 
poorly  adjusted  mirror  might  prove  serious  on  a  common  coarse  level, 
while  on  a  very  sensitive  level  the  error  might  be  inappreciable. 

d.  Tlie  Error  of  Pointing.  —As  influenced  by  the  sensitiveness  of  the 
level,  this  is  an  important  question  in  precise  leveling,  and  many  are 
of  the  opinion  that  the  accuracy  of  work  attained  with  a  level  of  6  to 
10  seconds  curvature  is  equal  or  superior  to  that  attainable  with  a 
2-second  level.  However,  this  assertion  is  not  sustained  by  practice  or 
theory,  and  is  largely  the  result  of  prejudice  and  lack  of  experience  on 
tlie  part  of  the  person  holding  such  views. 

An  illustration  of  the  relation  between  curvature  and  error  of  point- 
ing of  level  tubes  is  given  by  the  experiments  of  Eeinherz  in  Table  No» 
4,  in  which  the  length  of  one  division  of  the  bubble  is  2  mm.  This 
applies  to  a  large  number  of  readings,  while  a  single  reading  may 
readily  be  in  error  by  ±  0. 1  division. 

TABLE  No.  4. 


Sensitiveness 

Mean  Error 

of  tube. 

of  centering  bubble. 

of  reading  bubble. 

2.7  seconds  of  arc. 

4.5 

9.0 
18.0 
27.0 
54.0 

±  0.135  seconds  =  ±  0.045  div. . . . 
0.18           "               0.036    "  .... 
0.27           "               0.027    "  .... 
0.36            "                0.018    "  .... 
0.45            "                0.013    "  .... 
0.63            "                0.009    "  .... 

±0.27    seconds  =  ±  0.09    div. 
0.315         ••               0.063    " 
0.45            "                0.045    " 
0.765          "                0.036    " 
1.08            "                0.036     " 
1.44            •'                0.027    " 

From  these  figures  it  is  seen  that  the  accuracy  attainable  in  center- 
ing the  bubble  is  far  greater  than  that  attainable  by  reading  the  bubble 
in  any  position  and  making  the  reduction  to  the  center.  This  again 
proves  the  desirability  of  observing  always  with  the  bubble  in  the 
center,  in  preference  to  reading  the  bubble  and  reducing  to  the  center. 
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Accordingly,  for  a9-second  level,  the  mean  error  of  centering  would 
affect  a  rod  reading  for  a  distance  of  100  m.  by  ±  0.5  mm.  which  is 
greater  than  the  permissible  error  of  closure  for  a  stretch  of  100  m. 
For  a  level  tube  of  2.7  seconds  curvature,  the  mean  error  for  the  same 
length  of  shot  woiild  be  ±  0.1  mm.,  which  is  about  equal  to  the  error 
of  estimation.  Hence,  while  the  coarser  level  might  enable  one  to 
close  a  stretch  with  a  comjjaratively  small  error  of  closure,  such  fact 
would  only  indicate  an  accidental  compensation  of  errors,  but  would 
not  be  a  measure  of  the  excellence  of  woi'k  equally  producible  with 
such  a  coarse  level.  With  the  finer  level,  an  accidental  cumulation  of 
errors  might  cause  a  comparatively  wide  closure  on  a  given  stretch, 
but  this  would  then  be  the  most  unfavorable  result  possible  and 
would  probably  still  remain  within  the  assigned  limits  for  good  work. 

The  length  of  the  bubble  is  also  a  factor  in  the  accuracy  of  point- 
ing, as  was  previously  shown,  and  should  be  considered  in  this  con- 
nection. A  short  bubble  creeps  very  slowly  and  does  not  indicate  the 
slight  and  sudden  changes  which  immediately  start  a  long  bubble.  A 
similar  efifect  is  produced  by  certain  conditions  of  damp,  cold  weather 
and  by  levels  of  about  6  seconds  curvature  and  over.  A  very  sensitive 
level  can  be  forced  to  the  center  by  the  micrometer  and  a  reading  may 
be  taken  at  once,  while  in  a  coarser  level  the  bubble  must  be  allowed 
sufficient  time  to  stop  creeping  before  the  reading  can  be  taken.  Hence 
wind  and  other  disturbing  influences  produce  comparatively  more  an- 
noyance when  working  with  a  coarse  level. 

5.  Eekoks  Pertaining  to  the  Telescope. 

a.  The  Reticule  Error. — In  a  properly  adjusted  level,  the  reticule 
should  be  sharply  seen  through  the  eyepiece.  There  should  be  no 
blurred  effect  at  any  jjoint  of  the  threads  within  the  field  of  distinct 
vision,  and  the  threads  should  show  no  parallax  when  the  eye  is 
moved  slowly  up  and  down  in  front  of  the  eyepiece.  When  the  eye- 
piece lenses  and  the  reticule  are  all  perpendicular  to  the  telescope 
axis,  there  will  be  no  difficulty  in  preventing  all  errors  from  this 
source  by  iJi'operly  focusing  the  eyepiece  on  the  threads  of  the 
reticule. 

When  the  horizontal  threads  of  the  reticule  are  not  absolutely 
horizontal,  the  readings  taken  at  different  points  of  these  threads  may 
differ  materially,  and,  to  prevent  errors  from  this  source,  the  hori- 
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zontal  threads  must  always  be  read  exactly  at  tlie  intersection  points 
with  the  vertical  thread.  As  an  additional  safeguard,  the  horizontal- 
ity  of  the  threads  should  be  made  adjustable  by  a  simple  adjustable 
stop  device  to  check  the  movement  of  the  telescope  in  its  cradle  at 
exactly  the  desired  horizontal  position  when  the  telescope  is  moved  in 
azimuth.  This  adjustment,  properly  made  for  the  normal  and 
inverted  position  of  the  telescope,  will  prevent  all  errors  from  lack  of 
horizontality  of  the  threads. 

The  thread  interval  should  be  as  small  as  possible  and  yet  permit 
of  making  distance  determinations  with  an  accuracy  of  at  least  one  in 
a  thousand.  For  a  magnifying  power  of  50  diameters  a  thread  interval 
of  1  in  200  will  satisfy  this  requirement.  When  threads  are  widely 
separated,  they  will  not  permit  of  sharp  focixsing  on  all  threads 
simultaneously,  and  the  widely  divergent  rays  will  traverse  strata  of 
air  of  different  temperature,  density  and  humidity.  Many  serious 
errors  may  result  from  a  slightly  excessive  thread  interval. 

The  thread  interval  is  not  absolutely  constant,  and,  strictly  speak- 
ing, is  dependent  on  the  temperature  of  the  reticule  frame.  If  the 
reticule  be  of  brass,  the  distance  determination  should  be  reduced  to 
a  standard  temperature  by  using  the  coefficient  of  expansion  for  brass. 
However,  the  distance  determination  need  only  be  relative  between 
back  and  fore  sights,  and,  as  the  change  in  temperature  would  not  be 
sufficiently  great  to  affect  this  relation,  it  may  be  neglected.  It  is 
valuable,  however,  in  making  rej^eated  determinations  of  the  value  of 
a  certain  thread  interval,  to  note  the  different  results  for  different 
temperatures. 

The  most  serious  error  in  connection  with  the  reticule  is  its  posi- 
tion with  reference  to  the  axis  of  the  telescope.  The  level  tube  is  the 
starting  point  to  which  the  direction  of  the  telescope  must  be  referred. 
Hence,  the  center  of  the  reticule  (formed  by  the  intersection  of  the 
mean  horizontal  thread  with  the  vertical  thread)  should  be  on  the 
axis  of  the  telescope,  or  axis  of  collimation,"  which  can  be  accom- 
plished by  adjustment  of  the  reticule,  provided  the  optic  center  of 
the  objective  lens  is  also  on  this  axis,  a  condition  which  is  rarely  ever 
fulfilled  by  the  maker.  Since  the  objective  is  fixed  in  the  telescope 
tube  no  adjustment  is  possible,  hence  Avhat  is  ordinarily  called  colli- 
mation adjustment  does  not  generally  accomplish  the  object  implied 
by  this  term.     If  it  were  possible  to  bring  the  line  of  sight  into  coin- 
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cideuce  witli  the  telescope  axis,  as  delined  by  the  centers  of  the  collars, 
by  adjustineat  of  the  reticule  alone,  then  the  commonly  applied  term 
"coUimation  adjustment"  would  be  correct,  but  this  not  being  the 
case  it  is  better  to  adopt  the  more  precise  term  "thread  or  reticule 
adjustment,"  which  will  be  used  in  the  following. 

When  the  line  of  sight  does  not  concide  with  the  telescope  axis, 
then  the  former  is  inclined  to  the  position  indicated  by  the  bubble, 
and  the  error  resulting  from  such  inclination  can  only  be  eliminated 
by  repeated  readings  taken  with  the  telescope  normal  and  inverted, 
always  keeping  the  bubble  in  the  center.  This  is  true  whether  or  not 
the  collars  of  the  telescope  are  equal. 

The  reticule  might  be  so  adjusted  that  for  a  certain  length  of  sight 
the  readings  of  the  middle  thread  would  be  the  same  for  telescope 
normal  and  inverted,  but  this  adjustment  would  not  hold  good  for  any 
other  length  of  sight  unless  the  optic  center  of  the  objective  lens  be 
in  the  axis  of  the  telescope.  Hence,  the  thread  adjustment  alone  will 
not  generally  eliminate  errors  of  collimation,  but  repeated  readings  in 
normal  and  inverted  positions  of  the  telescope  will  eflfectually  eliminate 
collimation  errors  of  whatever  magnitude. 

With  this  method  a  very  good  line  of  levels  can  be  run  by  reading 
only  one  of  the  extreme  threads;  the  mean  of  the  two  readings  will 
always  agree  closely  with  the  mean  of  the  mean  thread  readings.  This 
subject  will  be  more  clearly  represented  in  the  following  in  connection 
with  the  mounting  of  the  lenses. 

In  closing  this  subject  it  should  be  noted  that  the  thickness  of  the 
telemeter  threads  is  a  very  important  matter  in  the  attainable  accuracy 
of  readings  at  long  distances.  The  threads  should  be  the  finest  pos- 
sible, otherwise  the  length  of  sight  must  be  limited  to  suit  the  quality 
of  the  threads. 

b.  Errors  Due  to  Defective  Mounting  of  the  Lenses. — As  has  been  stated 
previously,  a  slight  eccentricity  in  the  mounting  of  the  eyepiece  lenses 
produces  no  deflection  in  the  line  of  sight,  though  it  changes  the 
optical  axis  of  the  telescope.  If  the  eccentricity  is  bad,  or  the  axis  of 
the  lens  is  not  parallel  to  the  line  of  sight,  the  definition  may  be  poor, 
and  thus  affect  the  sharpness  of  the  extreme  thi-eads,  or  even  prevent 
obtaining  a  sharp  image  simultaneously  on  all  threads.  This  is  then 
a  serious  defect  which  must  be  remedied  by  the  maker. 

Displacements  of  the  objective  lens  are  far  more  serious,  and  affect 
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the  line  of  sight  by  the  amount  of  svich  displacement.  The  line  of 
sight  is  not  affected  by  oblique  mounting  of  the  objective,  but  this 
fault  will  interfere  with  the  definition,  as  in  the  case  of  eyepiece 
obliquity. 

Any  lateral  displacements  of  the  eyepiece  or  objective  may  be 
readily  discovered  by  focusing  on  a  distinct  object  and  then  care- 
fully revolving  the  telescope  on  its  horizontal  axis.  The  image  and 
the  threads  (even  when  the  thread  adjustment  is  perfect)  will  appear 
to  move  in  the  arc  of  a  circle  about  the  axis  of  the  telescope. 

It  is  easily  seen  that  for  a  telescope,  with  laterally  displaced  object- 
ive, the  thread  adjustment  when  jjerformed  does  not  bring  the  line  of 
sight  into  coincidence  with  the  axis  of  the  telescope  (collimation  axis). 
When  the  center  of  the  reticule  is  so  adjusted  that  it  coincides  with 
an  imao-e  for  both  normal  and  inverted  positions  of  the  telescope  then 
the  center  of  the  reticule,  the  optic  center  of  the  objective  and  the 
object  sighted  on  are  in  a  straight  line  called  the  line  of  sight,  but 
this  line  is  neither  parallel  nor  coincident  with  the  telescope  axis 
except  when  the  thread  adjustment  was  performed  for  an  object  at 
an  infinite  distance  and  the  optic  center  of  the  objective  is  on  the  axis 
of  the  telescope.  Hence,  for  thread  adjustment  on  an  object  at  a 
finite  distance,  B,  and  the  objective  not  truly  mounted,  the  line  of 
sio-ht  will  be  inclined  to  the  telescope  axis  by  an  angle  e,  expressed  in 
seconds  by  the  formula. 


Dsin  1" 


in  which  a  is  the  lateral  displacement  of  the  optic  center  of  the  object- 
ive from  the  axis  of  the  telescope.  Thus,  for  a  displacement  a  =  1  mm. 
and  thread  adjustment  performed  for  the  usual  distance  J)  =  50  m. 
the  inclination  s  becomes  4.1  seconds  or  0.02  mm.  per  meter  of 
distance. 

While  this  displacement  a  is  generally  quite  small,  yet  the  effect 
produced  thereby  ou  the  line  of  sight  should  not  be  overlooked. 

This  error  should  be  eliminated  in  the  observations  in  the  man- 
ner indicated  for  thread  errors,  viz. :  by  reading  with  telescope  normal 
and  inverted. 

c.  Movement  of  the  Eyepiece  Slide. — This  is  frequently  very  defect- 
ive, even  in  high-grade  levels,  and  constitutes  a  serious  detriment  in 
any  instrument,  because  any  obliquity  of  motion  of  the  eyepiece  with 
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respect  to  tlie  line  of  sight  affects  the  thread  adjustment,  since  the 
reticule  moves  with  the  eyepiece.  The  same  difficulty  is  encountered 
■with  telescopes  in  which  the  objective  is  made  to  slide,  as  in  Fig.  2, 
Plate  XXXVI. 

When  the  sliding  tube  (be  it  eyepiece  or  objective)  is  short,  its 
motion  may  be  very  irregular,  a  circumstance  rendering  the  telescope 
almost  worthless  for  precise  work.  The  sliding  tube  should  be  as 
long  as  is  permissible  by  the  telescope  tube,  and  all  lateral  motion 
should  be  prevented  by  spring  pressure,  as  shown  in  Fig.  10.  With 
such  an  arrangement  the  direction  of  motion  will  be  a  straight  hne 
even  if  it  does  not  coincide  with  the  axis  of  the  telescope,  and  the 
repetition  of  readings  in  normal  and  inverted  positions  of  the  telescoj^e 
will  again  eliminate  any  error  caused  in  the  thread  adjustment  as  a 
result  of  inclined  motion  of  the  eyepiece  or  objective. 

A  method  for  determining  the  regularity  in  the  eyepiece  move- 
ments will  be  given  under  the  head  of  instrument  constants. 

POSITION   1.  POSITION  2. 

(a)  (6) 

Fig.  14. 

d.  Error  Resulting  from  Inequality  of  the  Telescope  Collars. — Any 
existing  inclination  in  the  line  of  sight,  not  explained  in  the  foregoing, 
and  inherent  in  the  instrument  itself,  must  be  caused  by  unequal 
telescope  collars.  The  commonly  accepted  method  of  determining 
the  inequality  will  be  briefly  given,  while  no  further  use  will  be  made 
of  this  method,  owing  to  its  many  imperfections,  which  will  be 
presently  demonstrated. 

The  common  method  of  determining  the  inequality  of  the  collars  is 
illustrated  in  Fig.  14,  and  the  operation  consists  in  setting  up  the 
instrument  on  a  rigid  stone  pier,  and,  after  leveling  up  carefully,  the 
limb  of  the  instrument  is  tightly  clamped  and  the  bubble  is  read  for 
the  telescope  pointing  direct,  as  in  Fig.  14a.  The  level  and  the  tele- 
scope are  then  reversed  together  on  the  cradle  supports,  as  in  Fig. 
14&,  taking  care  not  to  jar  the  instrument.  When  the  bubble  has 
become  quiet  a  second  reading  is  taken.  This  constitutes  one  deter- 
mination, as  indicated  in  the  following  example,  where  the  bubble  is 
read  from  the  center : 
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The  figure  shows  that  the  angular  inclination  measured  by  the  two 
positions  of  the  bubble  (whether  in  adjustment  or  not)  is  foiir  times 
the  angle  between  the  axis  of  the  collar  and  the  elements  of  the  cone 
enveloping  the  collars.  The  line  A  B  represents  the  j^osition  of  the 
cradle  supports,  which  remains  constant  during  the  esjieriment,  and 
Position  1  makes  the  upper  element  of  the  cone  horizontal,  or  at  least 
with  the  bubble  in  the  center,  while  in  Position  2  the  bubble  indicates 
a  displacement  toward  the  larger  collar  equal  to  four  times  the  error 
in  axial  pointing  of  the  telescope  or  twice  the  collar  inequality. 

Example. 

Position  1.  Position  2. 

Bubble  readings:  Bubble  readings: 

right-hand  end.     left-hand  end.  right-hand  end.     left-hand  end. 

16.5  16.5  13.1  20.1 


0   center  of  bubble  at — 3.5 

or  4  f  =  0  —  (—3.5)  =  +  3.5  or  e  =  +  0.875  bubble  divisions. 

The  value  of  one  division  of  the  bubble  being  6.5  seconds,  e  =  0.875 
X  6.5  :=  5.688  seconds.  The  mean  of  twenty  observations  gave  e  = 
5.90  seconds  =  0.0276  mm.  per  meter. 

This  method  assumes  that  the  collars  are  perfectly  circular,  that 
the  level  tube  actually  indicates  the  direction  of  the  topmost  element 
of  the  enveloping  cone  of  the  collars,  and  that  the  points  of  contact 
between  each  collar,  the  level  tube  and  the  cradle  supports,  are  on  the 
arc  of  the  same  circle;  an  assumption  which  is  rarely  true  of  a  new  in- 
strument and  never  true  of  an  old  one.  The  extent  to  which  the 
foregoing  determination  is  erroneous  will  now  be  shown. 

The  telescope  does  not  rest  on  the  lowest  element  of  the  collars,  but 
on  the  points  s,  Fig.  15a,  because  the  two  collars  penetrate  the  angu- 
lar aperture  of  the  forked  cradle  supports  unequally.  Hence,  the 
level  tube  pointing  does  not  involve  the  true  inclination  of  the  upper 
elements  of  the  cone  formed  by  the  collars,  with  respect  to  the  jjoints 
of  support  .s.  The  same  is  true  of  the  contact  points  c  between  the 
level  tube  and  the  collars.  Fig.  15b. 

It  would  generally  be  assumed  that  this  error  is  beyond  the  limits 
of  measurement  for  the  slight  inequality  usually  existing  between  the 
collars,  and  could,  therefore,  be  neglected.  The  case,  however^ 
demands  investigation. 
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Using  the  dimeDsiona  as  indicated  in  Fig.  15^/,  and  calling  e  the 
correction  for  collar  inequality  as  previously  determined  by  the 
common  method,  ic,  the  actxial  inclination  of  the  telescope  axis  result- 
ing from  collar  inequality,  and  ^  the  vertical  distance  between  .s'  and 
.s',  then  the  following  approximate  relations  may  be  used  to  determine 
w  and  t: 

?«  =  f  +  /  and  10  = 5 TT 

.      ft  i 

sin  -—  cos  -^ 

Thus,  for  the  Buff  and  Berger  Level,  No.  2768,  f  =  0.0276  mm.  per 
meter,  and  /i  =90'^;  hence,  by  substituting  and  solving,  ^  =  0.0268 
and  w  =  0.0544  mm.  per  meter. 


Fig.  15. 


By  making  allowance  for  the  fact  that  in  the  determination  of  f  by 
the  ordinary  method,  this  quantity  is  involved  four  times  in  the 
reversal  of  the  telescope  in  the  cradle  supports,  while  t  enters  only 
twice,  the  inclination  for  telescope  axis  resulting  from  inequality  of 
collars  should  be  e  +  2  (!  =  0.0812  mm.  jjer  meter. 

The  effect  of  the  collar  inequality  on  the  contact  points  of  the 
level  tube  is  opposite  to  that  produced  by  the  cradle  supports,  and  is 
eliminated  when  the  level  tube  is  read  always  in  the  same  position 
relatively  to  the  telescope.  However,  when  the  level  tube  is  read 
direct    and    reverse   the  actual   inclination   of  the   telescope   axis  is 

n 

smaller  than  the  above  value  lo  by  the  amount  -^ ,  found  from  Fig. 
15b,  by  a  similar  process  of  reasoning  as  applied  to  Fig.  15(/. 
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For  a   =  89°  30',  /  is  practically  eqiial  to  q  and  -^  =  0.0134,  which, 

subtracted  from  the  last  corrected   value,    gives   the  final  resulting 
inclination  p  =  0.0812  —  0.0134  =  0.0678  mm.  per  meter. 

This  is  all  based  on  the  assumption  that  the  collars  are  perfectly 
circular,  and  that  the  four  contact  points  of  each  telescope  collar  are 
in  a  plane,  normal  to  the  telescope  axis,  all  of  which  is  not  generally 
true.  The  worthlessness  of  the  common  method  of  finding  the  collar 
inequality  is  thus  made  apparent. 

It  is  readily  seen  that  the  axial  inclination  of  the  telescope,  result- 
ing from  collar  ineqiaality,  is  measured  by  the  position  of  the  level 
tube  with  respect  to  the  collars,  but  bears  no  relation  to  the  cradle 
supports  s,  except  when  the  latter  become  involved  by  some  method 
as  the  above,  which  is  worthless  because  of  this  fact.  Hence,  the 
wear  on  the  collars  cannot  be  determined  in  any  manner  involving  the 
contact  on  the  cradle  supports.  Also,  the  accuracy  required  in  the 
determination  is  beyond  limits  of  calibration.  To  add  to  this  diffi- 
culty, the  cradle  supports  are  never  in  the  same  planes  with  the  level 
tube  contacts  of  the  respective  collars,  so  that  this  question  must  be 
solved  by  another  method. 
•  The  resultant  axial  inclination  from  unequal  collars  may  be  made 
constant  by  confining  the  wear  of  the  collars  on  the  cradle  supports  to 
a  special  path  on  each  collar  and  never  revolving  the  telescope  on  its 
axis  without  first  removing  the  striding  level,  so  that  the  wear  between 
the  level  and  collars  is  j)ractically  impossible  and  is  independent  of 
the  cradle  supports.  The  relation  between  the  telescope  axis  and  the 
striding  level  then  remains  constant,  and  any  wear  caused  by  the  con- 
tinual revolving  of  the  telescope,  whatever  its  amount,  does  not  affect 
the  telescope  pointing  as  indicated  by  the  level  tube.  All  this  is  done 
simply  by  making  the  distance  between  the  cradle  supports  different 
from  that  between  the  forked  ends  of  the  striding  level,  or  by  supply- 
ing two  pairs  of  collars,  one  for  the  cradle  contact  and  the  other  for 
the  level  tube.  This  is  exactly  in  contradiction  to  past  practice, 
because  the  axial  inclination  still  existing,  while  it  would  thus  remain 
practically  constant,  appeared  indeterminate  by  any  method  of  direct 
measurement  with  the  bubble. 

A  very  simple  and  extremely  accurate  method  of  determining  the 
real  inclination  between  the  telescope  axis   and   the  striding  level. 
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devised  by  the  writer,  and  considered  to  be  a  most  satisfactory  solu- 
tion of  this  and  a  number  of  other  uncertainties  connected  with  the 
level,  will  be  given  under  the  head  of  instrument  constants. 

The  complexity  of  the  axial  error  resulting  from  collar  inequality 
is  made  apparent  by  the  foregoing  considerations,  and  the  disparity 
shown  to  exist  between  the  actual  conditions  and  the  commonly 
accepted  method  of  determining  the  inequality  in  telescope  collars 
is  quite  sufficient  to  explain  many  of  the  constant  errors  frequently 
encountered  in  leveling  operations  and  attributed  to  a  great  variety 
of  causes,  principally  personal  equation  and  settlement  or  heaving 
of  instrument  or  rods.  This  error  may,  however,  be  eliminated  by 
a  strict  equalization  of  back  and  fore  sights,  and  hence  becomes 
quite  insignificant  when  the  nature  of  the  error  is  properly  under- 
stood. 

6.  Errors  Pertaining  to  the  Level  Rods. 

a.  Tlie  Error  in  Verticality. — This  generally  receives  little  consid- 
eration further  than  to  prevent  excessive  inclination  of  the  rods  by 
using  watchglass  levels,  which  are  frequently  adjusted.  However,  the 
subject  demands  very  careful  attention. 

If  for  some  reason  the  rod  levels  are  out  of  adjustment  and  the  rods 
are  not  held  plumb,  all  readings  become  too  large,  and  this  would 
produce  errors  when  working  over  inclined  ground.  Such  errors  are 
of  a  somewhat  constant  nature  and  may  work  serious  harm,  hence  the 
importance  of  frequent  and  careful  tests  of  the  rod  adjustment. 

b.  The  Errors  of  Temperature  and  Graduation. — These  errors,  though 
widely  different  in  cause,  are  conveniently  considered  together,  since 
both  may  be  corrected  in  one  operation. 

Generally,  the  temperature  effect  is  a  constant  change  per  degree 
of  temperature  within  the  limits  during  which  work  should  be  con- 
ducted. The  same  is  true  of  errors  of  graduation,  Avhich  are  generally 
proportioned  to  the  distance  measured  on  the  rod. 

There  are  cases,  however,  where  neither  the  temperature  nor  the 
graduation  correction  are  constant,  and  for  such  rods  the  true  length 
for  each  jjortion  of  the  rod  must  be  measured  with  a  correct  standard 
for  all  working  temperatures,  these  values  being  then  tabulated  for 
use.  This  is  the  French  system,  wherein  the  rods  are  jDurposely 
graduated  irregularly  to  prevent  the  observer  from  knowing  what  his 
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closures  are  until  the  rod  lengths  have  all  been  reduced  and  corrected. 
It  is,  no  doubt,  better  policy  to  simjilify  this  matter  by  a  uniform 
graduation  and  to  place  a  little  more  confidence  in  the  integrity  of  the 
observer. 

The  combined  graduation  and  temperature  correction  may  be 
applied  in  one  of  two  ways:  By  determining,  by  frequent  comparison 
with  a  standard  measure,  the  law  for  the  length  of  the  rod  in  terms  of 
the  standard  and  temperature,  or  by  direct  comparisons  with  a  steel 
tape  of  known  length. 

The  latter  method  is  preferable  because  a  steel  tape  is  not  affected 
by  humidity  and  gradual  changes  from  seasoning  as  is  the  case  with 
wood.  The  law  of  the  length  of  the  steel  tape  once  determined  may 
be  used  almost  indefinitely,  while  the  rods  are  continually  undergoing 
changes.  The  coefficient  of  expansion  for  pine  is  about  0.000004  per 
degree  Centigrade,  and  the  maximum  changes  from  humidity  may 
amount  to  0.3  mm.  per  meter  in  the  coui'se  of  a  whole  summer. 

The  necessary  thermometers  and  steel  scale  have  already  been 
described,  and  it  will  be  sufiicient  here  to  show  only  the  method  of 
correcting  this  error. 

The  general  formula  for  the  length  of  a  metallic  scale  is  1"'  =  1  dr 
Tc  ^  cc  t  in  which  k  is  the  graduation  error,  <x  the  coefficient  of  ex- 
pansion, and  t  the  temperature  in  degrees  above  the  normal. 

The  corrections  for  one  meter  of  the  tape  are  computed,  for  every 
degree  of  temperature,  and  these  corrections  are  then  tabulated  for  use. 

The  temjierature  and  the  measured  length  of  one  meter  on  each 
rod  are  recorded  at  the  beginning  and  end  of  each  stretch,  and  the 
average  is  taken  to  represent  the  mean  rod  length  for  the  stretch. 
The  tape  correction  for  the  mean  temperature  is  then  applied  to  this 
rod  length,  and  the  difterence  of  elevation  is  accordingly  corrected. 
When  the  rods  are  very  nearly  alike,  as  they  should  be,  and  always 
alternate  in  regular  order,  this  method  will  i^rove  very  satisfactory 
and  not  at  all  complicated. 

The  past  practice  of  applying  a  constant  rod  correction  for  a  whole 
season's  work  is  not  scientific  or  admissible.  The  correction  should 
be  determined  in  the  field  by  direct  tape  comparisons  and  be  applied 
by  stretches. 

c.  The  Error  of  Estimation. — The  smallest,  or  unit,  graduation 
generally  used  on  precise  level  rods  is  the  centimeter,  though  a  smaller 
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unit  is  very  necessary.  Rod  readings  should  be  as  accurate  as  the 
telescope  pointings,  which  would  necessitate  the  possibility  of  esti- 
mating with  an  accuracy  of  ±  0.1  mm.  at  a  distance  of  100  m.  This 
could  be  attainable  only  with  graduations  as  small  as  2  mm.  Ml  this 
is  on  the  assumption  that  the  individual  rod  readings  should  be  of  the 
same  accuracy,  or  excellence,  as  is  indicated  by  the  closure  of  a  stretch 
of  levels,  which  is  not  generally  true  because  the  error  of  estimation  is 
a  compensating  error  and  may  be  large  on  individual  shots  and  finally 
become  zero  for  a  long  stretch.     This  is  actually  verified  in  practice. 

However,  it  frequently  happens  that  a  stretch  is  only  50  m.  long, 
and  unless  a  single  pair  of  sights  can  be  taken  with  an  accuracy  of 
±  0. 1  mm.  or  less,  such  a  stretch  could  not  be  closed  with  the  desired 
exactness  except  by  many  repetitions  of  readings. 

To  show  the  relative  value  and  accitracy  of  rod  readings  under 
various  conditions  it  will  be  necessary  to  analyze  the  effect  produced 
on  the  appearance  of  the  rod  by  the  distance  at  which  the  rod  is  placed 
from  the  instrument,  and  the  position  of  the  thread  on  the  unit 
graduation. 

The   apparent   magnitude   of  the   unit  rod  graduation  (generally 

0  25  t 
10  mm. )  is  expressed  by  the  formula  a  =  -^ — -  m,   in  which  t  is  the 

unit  rod  graduation  in  millimeters,  m  is  the  magnifying  power  of  the 
telescope  and  I  the  length  of  shot  in  meters.  The  constant  represents 
the  distance,  in  meters,  at  which  an  object  would  appear  full  size  to 
the  normal,  naked  eye. 

Table  No.  5  gives  the  apparent  magnitude  of  unit  rod  graduations 
for  different  lengths  of  shot  and  magnifying  power  of  50  diameters,  as 
obtained  from  the  foregoing  formula. 


TABLE  No.  5. 

Length  of  shot. 

5 

10 

20 

30     40      50 

60 

2.08 
1.04 
0.42 

70 

1.79 
0.90 
0.36 

80 

1.56 
0.78 
0.31 

90 

1.28 
0.70 
0.28 

100 

1.25 
0.63 
0.25 

meters. 

a  for  ^  =  10  mm 

a  for  t  =    5  mm 

a  for  t  =    'Z  mm 

25.00 
12.50 
5.00 

12.50 
6.25 
2.50 

6.25 
3.12 

4.17  3.12  2.50 
2.08  1.56  1.25 
0.83  0.62  0.50 

millimeters, 
millimeters, 
millimeters. 

The  ajjparent  thickness  of  good  reticule  threads  will  be  0. 1  mm. , 
or  less,  and  this  would  enable  the  observer  to  estimate  at  least  one- 
fourth  of  the  2-mm.  graduation  at  100  m.,  which,  combined  with  the 
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error  of  pointing,  would  bring  the  total  error  of  a  single  reading  just 
within  the  assigned  limits  of  high-grade  work. 

To  estimate  only  to  the  nearest  millimeter  on  a  10-mm.  graduation 
would  be  quite  out  of  the  question  for  a  shot  which  is  shorter  than  30 
m.,  though  this  would  already  exceed  the  allowable  limit.  For  the 
5-mm.  graduation  the  desired  accuracy  could  still  be  attained  on  a 
20-m.  shot,  and  for  a  2-mm.  graduation  it  could  be  expected  for  a  10-m. 
shot.  When  the  respective  shots  are  smaller  than  those  just  men- 
tioned, the  apparent  magnitude  of  the  various  unit  graduations 
becomes  too  large  to  permit  of  accurate  estimations.  Hence,  the  2-mm. 
graduation  is  the  best  suited  to  jiermit  of  readings  within  the  required 
accuracy  for  all  shots  between  10  and  100  m. 

As  to  the  comparative  accuracy  of  estimating  tenths  of  a  division, 
the  following  considerations  are  offered:  The  0.5  or  middle  point  of 
a  space  can  be  ascertained  with  the  greatest  accuracy,  while  the  one- 
third  or  two-thirds  points  are  more  difficult  to  estimate.  The  quarter 
points  are  quite  indefinite.  This  circumstance  is  a  very  important 
factor  in  the  science  of  estimating,  which  is  often  lost  sight  of.  All 
estimations  should  be  based  on  the  half,  third  and  quarter  points,  the 
tenths  are  practically  guesses,  if  otherwise  determined. 

According  to  some  experiments  made  by  Krummer,*  the  error  of 
estimating  the  individual  tenths,  calling  the  error  on  the  0.5  point 
unity,  is  as  follows : 


Tenths.. 

0 

1 

2 

3 

4 

5              6 

7 

8 

9 

Error... 

1.28 

1.37 

1.47 

1.42 

1.17 

1.00 

1.07 

1.23 

1.35 

1.47 

This  again  points  to  the  desirability  of  estimating  on  the  smallest 
possible  unit  in  order  that  the  error  of  estimation  may  become  insig- 
nificant. 

Another  circumstance  afi'ecting  the  accuracy  of  estimation  is  found 
in  the  ever-changing  illumination,  and  the  definition  of  the  telescope, 
which  latter  depends  largely  on  the  quality  of  the  illumination. 

The  difficulty  of  estimating  on  10-mm.  graduations  with  an  accuracy 
commensurate  with  high-grade  leveling  is  thus  clearly  shown,  and  the 
advisability  of  adopting  a  2-mm.  graduation,  as  suggested  by  the  de- 
sign of  leveling  rod  proposed  by  the  writer,  is  made  apparent. 


Zeitschr.  fur  Verm.,  1897,  p.  261. 
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7.  MiscellaneoTis  Errors. 

a.  Errors  of  Reading  and  Record iiir/.—M.isreadmgs  may  frequently 
occur,  especially  by  inexperienced  observers,  and  it  sometimes  happens 
that  the  recorder  notes  a  reading  erroneously.  However,  with  experi- 
enced men  errors  of  this  class  are  very  rare,  though  the  possibility  of 
introducing  them  into  the  work  should  be  reduced  to  a  minimum. 

Various  precautions  are  used  to  prevent  such  errors,  even  when 
made,  from  creeping  into  the  work.  Some  of  these  are  quite  effective, 
and  the  system  adopted  by  the  writer  may  be  regarded  as  almost  abso- 
lute protection  against  errors  of  both  kinds.  At  least,  no  stretch  ever 
failed  to  close,  as  a  result  of  such  errors. 

To  prevent  misreadings,  the  system  of  reading  on  three  horizontal 
threads  was  introduced  many  years  ago,  and  is  still  a  valuable  check, 
though  it  frequently  happens  that  the  erroneous  reading  cannot  be 
identified  except  when  the  back  and  fore  sights  are  known  to  have 
been  made  nearly  equal.  Also,  on  short  sights,  where  the  decimeter  is 
the  same  for  the  three  threads,  it  may  happen  that  all  three  readings 
are  read  wrong  by  a  decimeter.  Hence,  this  method  does  not  afford 
sufficient  assurance  of  the  prevention  of  misreadings,  and  a  further 
precaution  is  necessary. 

The  French  system,  formerly  used,  was  for  the  observer  to  take  the 
first  set  of  readings  and  then  have  them  repeated  independently  by  the 
recorder,  and  if  both  sets  checked,  the  work  was  accepted,  otherwise 
the  process  was  i-ej^eated.  However,  this  is  slow  and  unsatisfactory, 
because  the  two  persons  would  generally  estimate  differently  on  the 
rod,  and  thus  introduce  an  element  of  doubt  and  divided  responsibility. 

As  will  appear  later,  the  method  of  observing,  adopted  and  used 
liy  the  writer,  necessitates  two  jiairs  of  readings  to  eliminate  instru- 
mental errors,  and  incidentally  this  affords  an  almost  infallible  check, 
as  the  two  sets  of  sights  are  independently  and  separately  taken. 
When,  in  addition  to  all  this,  the  observer  trains  himself  not  to  re- 
member any  figures  or  readings,  which  is  the  only  true  scientific 
manner  of  observing,  the  same  errors  are  not  repeated  and  there 
remains  little  opportunity  for  an  error  passing  undetected  by  the 
recorder. 

It  is  also  a  bad  practice,  generally  followed,  to  have  the  recorder 
repeat  back  the  readings  called  off  by  the  observer.     It  was  found  that 
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this  is  both  annoying  and  time-consuming  and  tends  to  create  confu- 
sion and  introduce  errors  rather  than  to  prevent  them.  Absolute  quiet 
shouki  reign  about  the  instrument  when  observations  are  being  taken. 
No  talking  should  be  done  except  by  the  observer,  and  he  should  con- 
fine himself  to  only  such  utterances  as  are  to  be  recorded  in  the  notes. 
When  a  set  of  readings  is  completed  the  recorder  signifies  their  cor- 
rectness before  the  instrument  is  carried  forward,  otherwise  any  exist- 
ing disparity  must  first  be  reconciled. 

This  system  checks  the  correctness  of  both  the  recording  and 
reading,  and  the  order  of  entering  the  readings  (as  will  be  seen  later)  is 
such  as  to  afford  a  very  ready  comparison  of  those  readings  which 
ought  to  correspond. 

b.  Heaving  or  Settling  of  (he  Instrument  or  Rods. — This  has  often  been 
cited  as  the  cause  of  constant  errors,  but  this  explanation  was  usually 
offered  in  want  of  something  better. 

There  is  no  doubt  that  disturbances  of  this  kind  take  place  occa- 
sionally when  working  over  soft,  springy,  or  frozen  ground,  but,  when 
this  is  the  case,  the  bvibble  never  fails  to  show  the  danger,  and  the  ob- 
server must  then  be  on  his  guard. 

The  turning  point  jjins.  Fig.  4,  when  well  driven,  are  scarcely 
susceptible  to  any  heaving  or  settling  of  sufficient  magnitude  to  be 
readable  with  an  instrument,  even  at  a  very  short  range.  When  the 
instrument  is  affected  it  is  hardly  possible  that  the  three  legs  of  the 
tripod  will  move  alike,  and  then  the  bubble  will  certainly  indicate 
the  disturbance  long  before  it  has  attained  a  measurable  magnitude. 

This  subject,  therefore,  disappears  into  insignificance,  especially 
when  the  nature  of  the  constant  errors,  frequently  met,  is  more  fully 
explained. 

c.  Air  Vibrations  and  Refraction.  —  The  former  are  caused  by  a 
complex  refraction  of  the  line  of  sight  in  passing  through  the  air 
while  it  is  undergoing  a  mixing  process  or  agitation  2^1'oduced  by 
the  heat  effect  of  the  sun.  Air  vibrations  become  a  maximum  at  or 
shortly  after  noon  while  the  earth  absorbs  heat,  and  are  most  rapid 
and  of  greatest  amplitude  for  clear,  quiet  days  with  high  humidity. 
They  cease  when  the  sun  has  declined  to  the  point  where  the  earth  no 
longer  takes  on  heat  and  again  appear  in  the  coolness  of  the  late  after- 
noon, when  the  earth  begins  to  radiate  the  heat  absorbed  during  the  day. 
These  vibrations  are  diminished  during  the  time  when  the  sun  is  shut 
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off  by  jjassing  clouds  and  are  entirely  checked  wlien  the  cloudiness  is 
of  sufficient  duration. 

Refi'action,  in  the  ordinary  sense  of  the  word,  is  a  slowly  changing 
deflection  of  the  line  of  sight  in  passing  obliquely  throixgh  the 
concentric  air  strata  surrounding  the  earth.  This  form  of  refraction 
changes  most  rapidly  at  sunrise  and  sunset,  and  is  practically 
constant  at  noon.  Since  it  changes  slowly  and  with  some  degree  of 
regularity,  and  is  noticeable  only  on  comparatively  long  sights  (500 
m.  or  more)  little  or  no  apjjreciable  effect  is  produced  thereby  on  level 
readings  unless  a  considerable  time  elapses  between  taking  back  and 
fore  sight  readings  late  or  early  in  the  day.  Constant  refraction  would 
introduce  no  errors,  as  it  would  affect  back  and  fore  sights  equally. 

The  air  vibrations  can  always  be  avoided  by  sufficiently  reducing 
the  length  of  sight,  but  when  good  readings  cannot  be  taken  at  25  m. 
the  work  should  be  susiaended.  Generally,  the  heat  effect  is  such 
that  good  work  is  impossible  long  before  this  condition  is  reached. 
This  will  be  shown  in  the  following: 

Some  very  interesting  experiments*  on  this  stibject  have  been 
made  by  Leonard  Sewall  Smith,  Assoc.  M.  Am.  Soc.  C.  E. 

d.  Direction  of  Line,  Time  of  Day  and  Season  of  Year. — The  variety 
of  effects  produced  on  the  results  of  levels  by  these  conditions  has 
been  intimated  but  never  explained.  It  is  believed  that  these  effects 
are  all  due  to  vai'iations  in  the  position  of  the  sun  and  the  intensity 
and  direction  of  the  sun's  heat  rays  at  different  times  during  the  day 
and  year. 

To  prove  this  theory,  the  writer  conducted  a  set  of  experiments 
which  are  given  in  part  in  Table  No.  6.  A  great  many  readings, 
which  are  merely  repetitions  of  those  given,  are  omitted  for  the  sake 
of  brevity.  These  additional  observations  add  nothing  except  to  show 
conclusively  that  the  changes  found  were  substantiated  by  duplicate 
readings,  and  there  could  be  no  possible  doubt  as  to  the  facts.  Only 
the  characteristic  observations  are  here  given.  The  experiments  were 
made  July  2d,  1899,  near  New  Baltimore,  Mich. 

The  instrument  was  set  up  on  level  ground  and  was  carefully 
shaded  with  a  large  wagon  umbrella.  The  rods  were  rigidly  held  in  a 
vertical  position  and  supported  by  the  usual  steel  pins,  driven  flush 

*  Bulletin  of  the  University  of  Wisconsin,  Vol.  1,  No.  5,  June,  1895,  pp.  101-145. 
See  also  results  of  observations  made  by  C.  H.  Van  Orden,  M.  Ani.  Soc.  C.  E.,  in 
Transactions,  Am.  Soc.  C.  E.,  Vol.  xxxix,  1898,  p.  387. 
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TABLE  No.  6. — Experiments  to  Show 


July  2d, 


Back  Sights. 


Point. 

Rod 

No. 

Thread  readings. 

Mean. 

Thread 
distance. 

Time. 

1 

3 

3 

Bearing  to  the  sun. 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

dcm. 
14.434 
14.438 
14.436 

14.540 
14.544 
14.542 

14.536 
14.536 
14.536 

14.532 
14.588 
14.535 

14.538 
14.536 
14.537 

14.536 
14.534 
14.535 

14.536 
14.530 
14.533 

14.540 
14.538 
14.539 

14.540 
14.536 
14.538 

14.538 
14.540 
14.539 

14.540 
14.538 
14.539 

14.540 
14.536 
14.538 

dcm. 
15.198 
15.202 
15.200 

15.290 
15.304 
15.297 

15.294 
15.296 
15.295 

15.294 
15.298 
15.296 

15.296 
15.296 
15.296 

15.296 
15.296 
15.296 

15.292 
15.292 
15.292 

15.300 
15.298 
15.299 

15.298 
15.296 
15.297 

15.296 
15.298 
15.297 

15.300 
15.296 
16.298 

15.298 
15.292 
15.295 

dcm. 
15.964 
15.968 
15.966 

16.056 
16.060 
16.058 

16.054 
16.052 
16.053 

16.056 
16.056 
16.056 

16.056 
16.056 
16.056 

16.054 
16.056 
16.055 

16.054 
16.050 
16.052 

16.060 
16.056 
16.058 

16.058 
16.058 
16.058 

16.056 
16.058 
10.057 

16.060 
16.056 
16.058 

16.058 
16.052 
16.055 

dcm. 

dcm. 

4.15  A.M. 

15.201 

1.530 

10.  (X) 

S  80°  E. 

15.299 

1.516 

10.45 

S.  45°  E. 

15.295 

1.517 

11.00 

S  30°  E. 

15.296 

1.521 

12.00  M. 

S. 

15.296 

i.5i9 

1.30  p.m. 

S  50°  W. 

15.295 

1.520 

2.30 

S.  70°  W. 

15.292 

1.519 

3.00 

S.  75°  W. 

15.299 

1.519 

3.35 

S  80°  W. 

15.298 

1.520 

4.15 

w. 

15.298 

1.518 

5.00 

w. 

15.298 

1.519 

5.35 

w. 

15.296 

1.517 

with  the  ground.  The  rods  and  instrument  were  on  a  straight  line, 
bearing  N.  33°  E.  Eod  5  was  at  Point  1,  or  the  south  end  of  the  line, 
and  Rod  1  was  at  Point  2,  or  the  north  end  of  the  line;  both  were  30.4 
m.  from  the  instrument,  thus  eliminating  all  instrumental  errors  by 
equalizing  the  back  and  fore  sights.  The  rods  were  graduated  to  2  mm. , 
thus  reducing  the  errors  of  estimation  to  about  ±0.05  mm.  for  the  set 
of  two  readings  of  three  threads  each. 
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FoEE  Sights. 


Rod 

No. 


Thread  readings. 


dcm. 

11.564 
11.566 
11.565 

11.660 
11.666 
11.663 

11.662 
11.660 
11.661 

11.660 
11.661 
11.662 

11.670 
11.662 
11.666 

11.660 
11.660 
11.660 

11.662 
11.656 
11.654 

11.660 
11.658 
11.659 

11.662 
11.660 
11.661 

11.660 
11.662 
11.661 

11.600 
11.658 
11.659 

11.660 
11.654 
11.657 


dcm. 

12.318 
12.322 
12.320 

12.426 
12.434 
12.430 

12.420 
12.420 
12.420 

12.424 
12.424 
12.424 

12.424 
12.424 
12.424 

12.420 
12.422 
12.421 

12.420 
12.420 
12.420 

12.418 
12.420 
12.419 

12.422 
12.420 
12.421 

12.416 
12.422 
12.419 

12.420 
12.416 
12.418 

12.420 
12.412 
12.416 


dcm. 
13.068 
13.072 
13.070 

13.178 
13.196 
13.187 

13.184 
13.180 
13.182 

13.186 
13.186 
13.186 

13.190 
13.186 
13.188 

13.180 
13.184 
13.182 

13.182 
13.178 
13.180 

13.180 
13.180 
13.180 

13.182 
13.180 
13.181 

13.178 
13.180 
13.179 

13.180 
13.178 
13.179 

13.180 
13.174 
13.177 


Mean. 


dcm. 


12.322 


12.427 


12.421 


12.434 


12.426 


12.418 


12.419 


13.420 


12.419 


12.417 


Thread 
distance. 


dcm. 


1.505 


1.534 


1.522 


1.522 


1.521 


1.520 


1.518 


1.520 


1.520 


Differ- 
ence of 
elevation 


287.9 


+  287.3 


+  287.4 


+  287.2 


287.1 


+  287.4 


+  287.4 


+  288.0 


+  287.8 


+  287.9 


+  287.9 


Remarks. 
Weather. 


16.7°  C.  Reading  good, 
air  calm.  Foggy, 
damp. 

Clear.  33.9°  C.  Read- 
ing fair;  light  warm 
wind. 

35°C.  Bub.  adj.  clear. 
Light  warm  wind. 
Reading  fair. 

35°  C.  Reading  poor. 
Clear.  Light  warm 
wind. 

35°  C.  Reading  poor. 
Air  slightly  un- 
steady. Light  warm 
wind. 

33.3°C.  Reading  good. 
Sky  overcast.  Light 
warm  wind. 

32.2°C.  Readinggood. 
Clear.  Light  W. 
wind. 

30°  C.  Reading  good. 
Cloudy;  strong  cool 
breeze  from  W. 

30°  C.  Reading  fair. 
Partly  cloudy,  light 
W.  wind. 

30.2°  C.  Reading  fair. 
Clear  ;  light  W. 
wind. 

28.9°  C.   Reading  fine. 

Cloudy  ;    cool    air  ; 

light W. wind;  storm 

approaching. 
27.8°C.  Readmggood. 

Slight  rain,  cool  and 

calm. 


The  readings  were  taken  by  the  usual  manner  of  observing,  viz. : 
With  the  telescope  normal  and  the  level  tube  direct,  the  back  sight 
(three  threads)  was  read  first,  and  then,  without  in  any  way  disturbing 
the  instrument,  not  even  to  refocus,  the  fore  sight  was  read,  complet- 
ing the  first  set.  The  level  tube  was  then  reversed,  meanwhile 
inverting  the  telescope,  and  the  second  set  of  I'eadings  was  taken, 
commencing  with  the  fore  sight.     The  means  of  the  two  sets  for  each 
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thread  and  for  the  two  sets  are  written  on  the  third  line  of  each  obser- 
vation. All  readings  were  taken  with  the  bubble  in  the  center,  and 
the  instrument  was  not  disturbed  in  any  manner  during  the  whole 
day,  except  after  the  first  observation,  which  is  taken  with  a  differ- 
ent height  of  instrument,  and  the  sights  are  not  so  nearly  equal 
as  for  the  subsequent  observations.  Otherwise  the  notes  are  self- 
explanatory. 

Since  all  instrumental  errors,  except  those  due  to  collar  inequality, 
are  eliminated  by  the  observations,  the  mean  readings  should  always 
be  the  same  unless  influenced  by  atmospheric  and  temperature  effects. 
Also,  if  back  and  fore  sights  are  equally  affected,  the  difference  of  ele- 
vation between  the  two  points  should  remain  constant.  However,  the 
difference  of  elevation  did  not  remain  constant,  and  back  and  fore 
sight  readings  changed,  but  the  changes  were  unequal. 

This  phenomenon  was  not  produced  by  refraction,  because  the 
sight  (30.4  m.)  was  altogether  too  short  to  show  refractive  changes. 
It  was  not  the  result  of  air  vibrations  for  the  same  reason,  and  in  fact 
repeated  readings  by  different  observers  never  disagreed  by  more  than 
0.1mm.  No  material  vibrations  could  be  observed  which  indicated 
sudden  or  rapid  changes  going  on,  except  when  passing  clouds  shut 
out  the  sun.  The  maximum  producible  change  on  the  rods,  due  to 
the  range  of  temi^erature  gone  through  by  the  experiments,  could  not 
exceed  0.04  mm.,  which  is  too  small  to  warrant  consideration.  The 
absolute  temperature  could  not  have  been  the  cause,  for  the  readings 
at  4. 15  A.  M.  and  3  p.  m.  ,  while  they  agree,  were  taken  at  widely  differ- 
ent temperatures,  and  others  taken  at  only  slightly  different  tempera- 
tures near  noon,  show  the  widest  departures. 

The  following  exjslanation  is  given  to  account  for  this  large  error, 
amounting  to  0.9  mm.  in  a  distance  of  60.8  m.  during  the  hottest  part 
of  July  2d,  1899,  and  becoming  zero  at  about  8  a.  m.  and  3  p.  m.  on 
that  day:  The  afternoon  limit  was  usually  between  4  and  5  p.  m.,  but 
the  cloudiness  brought  on  the  normal  conditions  much  earlier  on  the 
day  in  question ;  in  fact  the  notes  indicate  that  whenever  the  sun  was 
completely  shut  oft'  the  readings  came  back  to  normal.  It,  therefore, 
follows  that  at  certain  times  during  the  hottest  portion  of  the  day 
the  sun  aftects  instrument  pointings  differently  for  different  directions 
of  pointing,  and  that  before  and  after  this  critical  portion  of  the  day 
such  an  effect  does  not  exist  even  though  the  temperature  remains 
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high.  Hence,  the  direction  and  intensity  of  the  sun's  rays  seem  to  be 
the  entire  cause  of  the  error. 

It  appears  from  the  observations  that  the  back-sight  readings, 
pointing  southward  and  toward  the  sun,  do  not  show  much  variation, 
while  the  fore-sight  readings  show  a  maximum  variation  of  1  mm. 
This  might  be  explained  by  the  efiect  of  the  reflected  heat  rays  from 
the  ground  being  partly  cut  off  by  the  observer  while  reading  the  fore 
sight  and  not  while  reading  the  back  sight. 

The  heat  effect  from  above  remained  about  constant.  This  would 
tend  to  curve  the  eye  end  of  the  telescope  downward  on  the  fore  sight 
and  thus  incline  the  line  of  sight  ujiward,  while  the  back  sight  would 
receive  heat  from  above  and  below  and  remain  practically  unaffected. 

For  different  ground  and  other  umbrella  covers,  the  effect  may  be 
very  different  or  even  reversed.  Hence  the  importance  of  more  experi- 
ments in  this  direction,  and  the  necessity  of  confining  level  work  to 
the  early  and  late  hours  of  the  day  during  warm  weather. 

The  foregoing  experiments  show  that  a  direct  line  run  shortly  after 
sunrise  might  differ  in  result  from  a  reverse  line  run  between  10  and 
11  A.  M.  by  ijractically  0.9  mm.  per  60  meters,  or  15  mm.  jjer  kilometer, 
the  error  being  entirely  in  the  reverse  line.  Again,  a  direct  line  run 
between  10  and  11  a.  m.  might  close  well  with  a  reverse  line  run 
between  1  and  3  p.  m,,  yet  both  be  materially  in  error. 

While  errors  from  this  source  cannot  be  eliminated  in  any  possible 
manner,  their  presence  may  be  detected  by  always  closing  a  stretch 
during  the  same  half  of  the  day.  If,  then,  the  closure  is  within  the 
allowable  limits,  it  is  safe  to  asstime  that  the  temperature  effect  just 
described  did  not  exist  or  was  extremely  small.  When  the  closure  is 
wide,  due  to  this  source  of  error,  then  the  most  erroneous  line  is  the 
one  run  nearest  to  noon.  An  experimental  line  southward,  on  a  clear 
warm  day,  between  2.30  and  4.15  p.  m.  ,  without  any  umbrella,  differed 
from  the  result  obtained  by  diiplicate  lines  on  a  cloudy  day  by  100.6 
mm.  The  length  of  the  line  was  about  1  km. ,  and  the  one  run  with- 
out the  umbrella  was  too  high. 

This  coincides  in  sign  with  the  foregoing  experiments,  though  the 
closure  is  very  large  and  might  be  attributed  to  a  decimeter  error  had 
not  a  foot-rod  been  used  on  the  line  in  question, 

From  this  it  is  seen  clearly  that  the  iimbrella  is  absolutely  indis- 
pensable, and  a  large  umbrella  of  close  white  duck  lined  with  two 
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thicknesses  of  heavy  green  or  black  cloth,  leaving  air  spaces  between 
the  several  coverings,  is  best  suited  to  the  work. 

When  high-grade  work  is  necessary  during  the  warm  summer 
months,  conditions  permitting,  it  would  be  advisable  to  run  the  levels 
during  the  night.  This  will  be  found  far  more  satisfactory,  and  fail- 
ures to  close  will  scarcely  ever  occur.  Such  a  jarogramme  is  feasible 
only  when  the  line  passes  over  good  even  roads  and  with  proper 
equipment  for  illuminating  the  rods  and  the  bubble. 

The  best  mouths  in  the  year  for  precise  level  operations  in  the 
Northern  and  Central  States  are  April,  May,  September,  October  and 
November,  and  sometimes  March  and  December.  It  is  best  not  to 
work  during  June,  July  and  Aug^^st,  though,  with  extraordinary  exer- 
tions, good  results  may  be  obtained.  No  good  work  can  be  done  dur- 
ing the  cold  winter  months. 

In  closing,  the  following  conclusion  may  be  drawn  respecting  dupli- 
cate lines  of  levels: 

1.  Lines  run  simultaneously  in  the  same  or  opposite  directions 
may  close  well,  yet  both  be  in  error,  depending  on  the  time  of  day 
during  which  they  were  run. 

2.  Lines  run  in  the  same  or  opposite  directions  during  symmetri- 
cal parts  of  the  day,  with  respect  to  noon,  may  close  well  and  both  be 
erroneous,  depending  on  the  heat  conditions. 

3.  Lines  run  in  the  same  or  opposite  directions  at  different  times 
of  the  same  half  of  the  day  may  close  wide,  and  the  most  erroneous  line 
will  be  the  one  run  nearest  to  noon. 

Instrument  Adjustments  and  Constants. 
1.  Introdiictory. 

In  taking  up  this  subject  it  is  necessary  to  mention  in  advance  some 
of  the  controlling  features  of  accurate  level  observations  in  general. 

The  instrument  must  be  handled  with  great  care,  and  should 
always  be  securely  clamped  while  being  carried.  The  observer 
should  always  carry  the  level  tube  and  umbrella,  leaving  the 
umbrellaman  to  transport  the  instrument,  thus  enabling  the  observer 
to  remain  quiet  and  preserve  a  steady  hand  for  manipulating  the 
level.  The  instrument  must  always  be  shaded,  and  a  cloudy  day  is 
very  desirable  when  determining  instrument  constants.  No  work 
should  be  done  during  the  heat  of  the  day. 
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A  base  line,  100  m.  long,  should  be  accurately  measured  on  even 
ground,  marking  the  0,  10,  20,  40,  50,  60,  80  and  100-m.  points  by  oak 
stakes  seciirely  driven,  with  a  spike  in  each  on  which  to  hold  the  rod. 

The  instrument  should  be  planted  firmly  and  must  not  be  disturbed 
or  shaken.     Visitors  should  be  kept  at  a  safe  distance. 

The  telescope  should  be  sharply  fociised  within  the  reading  limits 
of  the  reticule,  and  the  temperature  of  the  instrument  should  not  be 
affected  by  handling. 

2.  Instrument  Adjustments. 

Different  instruments  may  require  slightly  different  adjustments, 
but,  in  general,  those  necessary  for  an  instrument  of  such  a  type  as 
the  Buff"  and  Berger  Precise  Level  No.  2768,  Plate  XXXIV,  apply  to 
nearly  all  high-grade  instruments.     These  adjustments  are  as  follows: 

a.  The  Adjustment  of  the  Small  Tubular  Levels. — For  coarse  setting  of 
the  instrument,  this  adjustment  is  conducted  as  for  the  plate  levels  of 
a  transit,  and  would  be  the  same  for  a  watchglass  level  such  as  used  on 
the  Kern  instrument,  Fig.  1 ,  Plate  XXXV.  The  levels  are  brought  to 
the  center  by  means  of  the  leveling  screws  and  the  instrument  is  then 
revolved  180°  about  its  vertical  axis.  If  the  bubbles  remain  in  the 
center  they  are  in  adjustment,  otherwise  adjust  for  half  the  error  and 
repeat  the  process. 

b.  To  Make  the  Horizontal  Threads  Horizontal. — These  threads  should  be 
horizontal  for  both  the  normal  and  inverted  i^ositions  of  the  telescope. 
Adjust  the  stop  device  until  the  mean  horizontal  thread  gives  the  same 
reading  on  a  rod  when  the  i:)reviously  leveled  instrument  is  swung 
slightly  in  azimuth,  so  that  the  rod  passes  through  the  entire  field  of 
the  telescope.  This  is  done  for  the  telescope  normal  and  inverted, 
and  should  be  repeated  until  no  appreciable  error  remains. 

c.  To  Make  the  Thread  Adjustment. — Sight  on  a  rod  placed  about  50 
m.  away.  Read  three  threads  with  telescope  normal  and  level  tube 
direct,  then  invert  telescope  and  read  the  three  threads  again,  having 
the  bubble  in  the  center  each  time.  The  difference  between  the  means 
for  the  two  sets  is  the  thread  error,  which  is  corrected  by  moving  the 
reticule  by  one-half  the  amount  of  the  error.  The  test  is  then 
repeated.  This  error  may  readily  be  reduced  to  0.2  mm.  in  50  m.  and 
should  not  be  allowed  to  exceed  1  mm.  for  the  same  distance. 

After   making  this   adjustment   it   is  well  to  test    the    mounting 
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of  tlie  objective  lens,  which  is  done  by  watching  the  image  of  an 
object  while  the  telescope  is  being  revolved.  If  the  image  and  the 
reticule  appear  to  move  together  in  a  circle,  then  the  objective  is 
eccentrically  mounted.  Another  test  is  to  read  a  rod  with  bubble  in 
center,  then  unscrew  the  objective  lens  suflScient  to  move  it  through 
180"  and  repeat  the  reading.  Allowing  for  the  play  between  the 
threads,  the  two  readings  should  coincide. 

d.  To  Make  tlie  Level  Tube  Parallel  to  the  Telescope  Axis. — This  is  done 
by  two  adjustments,  the  lateral  and  the  vertical.  The  instrument  is 
carefully  leveled  and  clamped,  the  bubble  is  brought  to  the  center,  and 
then  the  level  tube  is  tilted  laterally  and  the  bubble  allowed  to  come  to 
rest.  If  this  position  of  rest  is  not  in  the  center,  then  the  projjer  end 
of  the  level  tube  must  be  adjusted  laterally  until  the  bubble  remains 
in  the  center  for  all  positions  of  tilt  permissible  between  the  forked 
lateral  supports.  This  adjustment  should  be  carefully  made  and  be 
frequently  tested,  as  errors  due  to  such  lack  of  adjustment  cannot  be 
corrected. 

The  vertical  adjustment  of  the  level  tube  is  performed  by  clamping 
the  instrument  in  a  level  position,  bringing  the  bubble  to  the  center, 
and  then  reversing  the  level  tube  on  the  telescope  collars.  If  the 
bubble  comes  to  rest  in  the  center,  after  reversal,  the  level  tube  is  in 
adjustment,  otherwise  adjust  half  the  error  on  the  vertical  adjustment 
of  the  level  tube  and  take  up  the  other  half  on  the  leveling  screws. 
Repeat  the  operation  until  the  error  does  not  exceed  one  second  in 
pointing,  or  one  2-mm.  division  of  a  2-second  level.  Strictly  speak- 
ing, the  level  tube  is  made  parallel  to  the  elements  of  contact  between 
the  level  tube  and  the  telescope  collars,  while  the  telescope  axis  is 
determined  by  the  relative  sizes  of  the  collars,  which  are  generally 
unequal.     This  subject  is  taken  up  later. 

e.  TJte  Parallax  of  the  Level  Tube  Mirror. — This  is  removed  by 
adjusting  the  inclination  of  the  mirror  to  such  an  angle  that  the 
bubble  is  seen  in  the  same  position  whether  viewed  in  the  mirror  by 
the  observer  with  his  eye  at  the  eyepiece  of  the  telescope,  or  as  seen 
directly  by  a  second  observer.  This  adjustment  should  be  carefully 
made  for  the  length  of  bubble  to  be  used,  and  generally  requires  no 
further  attention. 

/.  TJie  Verticality  of  the  Rods. — This  must  be  tested  three  or  four 
times  daily  by  suspending  a  plumb-bob  between  points  provided  on 
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tlie  rods  for  this  purpose.  The  rod  is  supported  against  a  house  or 
tree,  iiway  from  the  wind,  and  the  rod  level  is  centered  when  the 
plumb-bob  shows  the  rod  to  be  vertical. 

3.  Determination  of  Magnifying  Power. 

There  are  several  methods  of  accomplishing  this,  and  the  two 
simplest  will  be  here  given.     Both  are  based  on  the  same  pi'inciijle. 

a.  First  Method. — The  rod  is  held  at  a  convenient  distance,  L,  from 
the  instrument  and  the  apparent  size,  T,  of  the  image  produced  by  a 
decimeter  space  (0.1  m.),  is  taken  in  a  pair  of  dividers  held  at  a  certain 
distance  /  from  the  eye.  This  is  accomplished  with  considerable 
accuracy  by  viewing  the  image  with  one  eye  and  the  dividers  with  the 
other.  The  ai^jaarent  size  of  the  image  is  then  measured  on  a  scale, 
and  the  distance  from  the  eye  to  the  dividers  must  be  measured  by  an 
assistant,  or,  if  the  dividers  are  held  opposite  the  objective,  the 
length  of  the  telescope  may  be  used.     Thus,  for  magnifying  power 

T  L 

m  =  ^T— ^  ^^®  Buflf  and  Berger  Level  No.  2768  gave,  for  T  =  0.105  m, 

i  =  20  m,  and  I  =0.42  m,  m  ■=  ^^-r^ -— ,-  =:  50  diameters. 

0.42  X  0.1 

b.  Second  Method. — The  following  method  is  somewhat  simpler, 
though  not  so  well  suited  to  telescopes  of  high  magnifying  power. 
The  instrument  is  sighted  on  a  rod  set  as  close  as  the  focusing  slide 
will  permit.  The  thread  interval  is  then  read  through  the  telescope 
in  the  ordinary  manner  and  also  in  its  apparent  size,  as  seen  projected 
against  the  rod,  by  viewing  the  image  through  the  telescope  with  one 
eye  and  the  rod  with  the  other.  The  ratio  between  the  two  intervals 
thus  obtained  is  the  magnifying  power.  Thus,  for  the  same  instru- 
ment placed  10  m.  from  the  rod,  the  interval  read  through  the  tele- 
scope was  0.47  dcm.  and  the  apparent  interval  projected  on  the  rod 

23.50 
was  23.50  dcm.,  hence  m  =      ' .„  =  50  diameters. 

0.47 

4.  Determination  of  One  Division  of  the  Level  Tube. 

A  rod  is  held  at  some  even  distance  from  the  instrument  and  the 
bubble  is  brought  to  rest  near  one  end  of  the  tube,  but  within  limits 
of  the  graduation.  The  three  threads  are  read,  likewise  both  ends  of 
the  bubble.     The  bubble  is  then  brought  to  rest  near  the  other  end  of 
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the  tiibe  and  the  readings  repeated.  The  two  sets  furnish  the  obser- 
vations for  one  determination.  Five  to  ten  determinations  will  give  a 
very  good  mean  value. 

The  gradiiations  of  the  level  tube  are  numbered  from  the  center 
toward  the  ends,  and  the  rod  readings  are  exjaressed  in  decimeters, 
likewise  the  distance  from  the  instrument  to  the  rod.  Calling  E^  and 
Oi  the  eye  end  and  object  end  readings,  respectively,  when  the  bubble 
■was  near  the  eye  end  of  the  telescope,  and  R^  the  corresponding  rod 
reading;  likewise  E^  and  O.2  the  bubble  readings  when  the  bubble  was 
near  the  object  end  for  which  the  rod  reading  B^^'^^  taken;  also, 
calling  /  the  distance  from  rod  to  instrument,  and  v  the  value,  in 
seconds  of  arc,  of  one  division  of  the  level  tube;  then, 

for  a  single  determination,  and. 


,^(E.-0._E,^y^^. 


2 

for  any  number  of  determinations. 

Table  No.  7  gives  an  example  in  which  five  determinations  wei-e 
made  for  level  tube  Adolf  Pessler,  Buff  and  Berger  Level  No.  2768, 
with  2-mm.  graduations. 

The  readings  were  taken  on  10-mm.  rod  graduations. 

5.  Determination  of  the  Distance  Constants. 

According  to  the  principle  of  the  stadia,  previously  cited  in  de- 
scribing the  parts  of  a  telescope,  the  length  of  shot  from  the  center  of 
the  instrument  to  the  rod  is  /  —  fc  ^■  -j-  c  +  /,  in  which  k  is  the  stadia 
constant, /is  the  focal  length  of  the  objective  and  c  is  the  distance 
from  the  center  of  the  instrument  to  the  oistic  center  of  the  objective 
lens.  Hence,  if  the  length  I  is  to  be  measured,  the  constants  Tc,  c  and 
/"must  first  be  determined  for  the  instrument  used. 

The  constants  c  and  /  may  be  found  by  direct  measurement,  ob- 
serving that  the  telescope  should  be  focused  on  a  distant  object  before 
measuring/,  which  is  then  the  distance  from  the  reticule  (or  capstan 
adjusting  screws)  to  the  center  of  the  objective. 

From  the  above  equation  it  is  seen  that  k=^  -^  [I —  (c  -!-/)]  from 
which  k  is  determined  by  experiment. 
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TABLE  No.  7. 

Grossepoiut,  Mich.,  June  19tli,  1899. 
Temperature,  88°  Fahr.    31.1°  Cent. 


Point. 


Rod 
No. 


Thread  Readings. 


dcm. 


15.034 
15.104 


15.014 
15.100 


15.050 
15.120 


15.100 
15.200 


15.116 

15.230 


Mean. 


Thread 

dis- 
tance. 


Level. 


dcm.         dcm.         dcm.        dcm.        div. 
Telescope  normal,  level  tube  direct. 


div. 


16.264 
16.340 

17.500 
17.572 

16.266 
16.339 

i?„- 

i?i  = 

+0.073 

16.250 
16.338 

17.484 
17.568 

16.249 
16.335 

R,- 

R,= 

+0.086 

16.290 
16.358 

17.524 
17.590 

16.288 
16.356 

-??2  — 

R,= 

+0.068 

16.338 
16.436 

17.570 
17.668 

16.336 
16.435 

i?,- 

i?i  = 

+0.099 

16.350 
16.454 

17.584 
17.688 

16.. 350 
16.454 

i?,- 

iJ,  = 

+0.104 

2.466  I     21.8     I      8.8 
2.468  I      8.3     I     22.3 
E-,  —  O,        E„—  Or. 


2.470  I 

2.468  I 

£,  —  Oi 


24.8 


6.2 
.9  I  23.1 
E„  —  0„ 


div. 


1+13.0 
1—14.0 

+  13.5 


1+18.6 
—13.2 


2 


=  +15.9 


2.474  I  18.5     I     12.8 

2.470  I  6.0     I    35.3 
E^  —  O,       E„—  0„ 

2 


2.470  I 
2.468  I 

2 


26.9     I      4.8 

8.9     I     23.8 

E„  —  0„ 


2.468 
2.468 


24.7 
5.1 


7.0 
36.4 


2.4686 


true  dist.  =  499.72  dcm. 


EtOx     E„-0._ 
3  2 

E„-0„ 


+5.7 
-19.3 

+13.5 

1+22.1 
1—13.9 

+18.0 

1+17.7 
1—21.3 

+19.5 


,  (R„  —  R,)  =  +0.430  dcm.   2  (t^2"' \^)=+''^A 


2.228 


3.367 


3.198 


3.334 
mean. 


Hence  v  — 


0.430 


=  3.234",  or  since  1"  =  0.004858  mm.  per  meter. 


499.73  ;■   79.4  >.   0.000004858 
V  =  0.0108  mm.  per  meter,  which  is  sometimes  a  more  convenient  form. 

The  value  as  determined  by  Adolph  Pessler,  with  the  aid  of  a  level-trier,  was  1.97" 
(temperature  not  given).  The  agreement  is  as  close  as  might  be  expected  between  a 
laboratory  determination  and  one  made  in  the  open  air  at  probably  a  much  different 
temperature. 

For  the  foregoing  determination  the  probable  error  of  the  mean  value  2.234"  is 
+  0.007". 

To  do  this  the  instrument  is  set  up  on  the  measured  base  line,  pre- 
viously mentioned,  at  a  distance  c  -\- f  behind  the  zero  mark  of  the 
base,  so  that  the  measured  lengths,  counting  from  the  zero  of  thebase^ 
are  all  I  —  (c  +/)•  I^  then  a  rod  be  set  at  some  one  of  the  base  points 
and  the  two  extreme  threads  are  read,  the  thread  interval  thus  obtained 
gives  one  value  for  k. 

Generally  five  such  sets  of  readings  are  taken  for  each  of  several 
points  of  the  base,  from  which  a  mean  value  of  k  is  found.  Table  No. 
8  gives  such  a  determination  in  detail. 
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TABLE  No.  8.  — Determination  of  the  Stadia  Constant  k  foe  Buff 
AND  Bekger  Level  No.  2768.     Clayton,  N.  Y.,  May  5th,  1899. 


Rod 

No. 

Thread  Readings 

Temp. 

Thread  Intervals. 

fc 

Remarks. 

'  — (c+/) 

1 

3 

3 

Upper. 

Lower. 

Total. 

m. 
15 

5 

m. 
5 

m. 
5 

m. 
5 

m. 
5 

m. 

5 

m. 

dcm. 
12.624 
12.610 
12.600 
12.652 
12.650 
12.627 

12.650 
12.624 
12.600 
12.650 
12.580 
12.621 

11.400 
11.350 
11.380 
11.450 
11.400 
11.396 

11.400 
11.412 
11.340 
11.424 
11.500 
11.415 

17.300 
17.220 
17.400 
17.304 
17.404 
17.326 

17.422 
17.590 
17.520 
17.450 
17.504 
17.497 

dcm. 
13.000 
12.990 
12.980 
13.026 
13.020 
13.003 

13.024 
13.000 

dcm. 
13.380 
13.360 
13.350 
13.402 
13.400 
13.378 

13.402 
l.S  380 

degC. 
16.7 

dcm. 

dcm. 

dcm. 

ratio. 

15 

0.376 

0.375 

0.751 

199.74 

Tel.  inverted 

12. 978  i  13.350 
13.02213.400 
12.950'l3.324 
12.995'13.371 

12. 650113. 900 
12.600  13.846 

.... 

50 



0.376 

0.374 

0.750 

200.00 

12.620 

13.878 

12.702 
12.650 
12.644 

12.6(8 
12.664 

13.950 
13.900 
13.895 

13.900 
13.912 

50 

1.248 

1.251 

2.499 

200.08 

Tel.  inverted. 

12., 592  13.840 
12.680,13.922 
12.752  14.000 
12.667  13.915 

19.804  22.300 
19.724  22.222 
19.902  22.400 
19.808:22.304 
19.906,22.402 
19.828;22.326 

19.926,22.426 

20. 088 '22. 590 
20.024 122.524 
19.946  22.446 

100 

1.248 

1.252 

2.500 

200.00 

Tel.  normal. 

100 

18.5 

3.502 

2.498 

5.000 

200.00 

Tel.  inverted. 

20  004  22., 506 

19.999 

22.498 

2.499 

2.502 

5.001 

199.96 

Mean..  199. 


Note:  The  instrument  was  set  c-\-f=  0.60  m.  behind  the  zero  of  the  base.  The 
smallest  rod  graduation  was  1  cm. ;  magnifying  p.5wer  of  telescope  50  diameters.  Thread 
1  is  uppermost  in  the  field  of  the  telescope,"  whether  the  latter  is  normal  or  inverted,  but 
the  upper  half -interval  is  always  the  same  and  becomes  the  lower  half-interval  for  tele- 
scope inverted. 

The  value  found  is  practically  200,  or,  for  distances  in  meters  and 
rod  readings  in  decimeters,  the  constant  becomes  20,  andc+/  = 
0.60  m. 

When  k  is  not  an  even  hundred,  the  solution  of  the  foregoing 
formula  for  distance  becomes  somewhat  laborious,  and  a  tabulation  of 
values  of  k  i,  in  meters,  for  assumed  values  of  I,  in  decimeters,  from  1 
to   100,  is  very  convenient  for  taking  out  any  distances,  even    for  a 
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■wliole  stretch.  To  obtain  /  for  a  single  shot,  the  constant  c  +/must 
be  added  to  the  tabulated  value  of  k  i,  while  for  a  stretch  of  n  instru- 
ment settings  the  length  becomes  L  =  k  I -\- 2  n  {c  -\-/),  in  which  /is 
the  sum  of  the  thread  intervals  for  all  back  and  fore  sights  of  the 
stretch. 

6.  Determination  of  the  Error  due  to  Collar  Inequality. 

The  method  adopted  by  the  writer  is  designed  to  determine  the 
residual  inclination  in  the  line  of  sight'  caused  by  inequality  in  the 
telescope  collars,  indej^endent  of  the  various  other  level  tube  and 
telescope  errors,  by  a  direct  inductive  method.  The  text-book 
method  of  determining  collar  inequality,  by  level  tube  and  telescope 
reversals,  has  already  been  explained  and  found  erroneous,  because 
not  all  of  the  governing  conditions  are  considered. 

Observations  are  taken  on  the  measured  base  previously  men- 
tioned, using  the  method  of  reading  adopted  for  regular  precise  level 
work. 

The  instrument,  which  has  been  carefully  adjusted,  is  set  up  at  the 
50-m.  point  of  the  base,  and  five  or  ten  sets  of  sights  are  taken  on  rods 
held  at  the  zero  and  100-m.  points,  as  follows:  With  telescope  normal 
and  level  tube  direct,  the  back  sight  is  read  on  the  rod  held  on  the 
zero  point  of  the  base,  the  instrument  is  then  swung  on  the  rod  at  the 
100-m.  point  and  the  fore-sight  reading  taken.  The  telescope  is  then 
inverted  and  the  level  tube  is  reversed  and  the  readings  are  repeated, 
commencing  with  the  fore  sight.  This  constitutes  one  set  of  sights. 
All  readings  are  taken  with  the  bubble  in  the  center. 

The  instrument  is  then  set  at  some  other  point  near  one  end  of  the 
base  so  that  the  back  and  the  fore  sights  are  very  unequal.  The  15-m. 
point  was  generally  used.  The  same  number  of  sets  of  sights  is  then 
taken  as  before  on  the  rods  at  the  zero  and  100-m.  points  of  the  base. 

It  will  be  observed  that  this  system  of  reading  eliminates  all  errors 
of  the  level  tube,  the  reticule,  eyepiece  movements,  and  mounting  of 
the  objective  lens,  and  because  the  back  and  fore  sights  were  exactly 
equal  in  the  first  series  of  sets,  the  remaining  errors  due  to  parallax 
and  to  inequality  in  the  collars  are  also  eliminated  in  these  sets. 
However,  the  sets  of  the  second  series  involve  both  these  last-named 
errors  for  a  70-m.  excess  of  fore  sights.  The  parallax  error  should  be 
eliminated  by  adjustment  of  the  mirror,  thus  leaving  the  collar  in- 
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TABLE  No.  9. — Determination  of  Ebror  Due  to 


Clayton,  N  Y., 
May  5th,  1899. 


Back  Sights. 


Point. 

Rod 

No. 

1 
M.- 

1 

M. 

1 
M. 

1 
M. 

1 
M. 

1 
M. 

1 
M. 

1 
M. 

1 
M. 

1 
M. 

Thre 

1 

ad  readi 
3 

ngs. 
3 

Mean, 
dcm. 

Thread 
distance. 

Temp. 

Remarlfs. 

0 

dcm. 

11.570 
11.. 558 
11.564 

11.976 
11.970 
11.973 

12.428 
12.420 
12.424 

12.276 
12.270 
12.273 

12.258 
12.252 
12.255 

13.338 
13.840 
13.339 

13.350 
13.348 
13.349 

18.364 
13.362 
13.363 

12.776 
12.774 
12.775 

12.806 
12.800 
12.803 

dcm. 

13.800 
12.798 
12.799 

13.206 
13.200 
13.203 

13.673 
13.656 
13.664 

13.506 
13.500 
13.503 

13.494 
13.492 
13.493 

13.698 
13.698 
13.698 

13.708 
13.704 
13.706 

13.724 
13.724 
13.724 

13.140 
13. 1:34 
13.137 

13.164 
13.156 
13.160 

dcm. 

14.036 
14.026 
14.031 

14.443 
14.430 
14.436 

14.900 
14.894 
14.897 

14.746 
14.738 
14.743 

14.738 
14.722 
14.725 

Means 

14.058 
14.060 
14.059 

14.064 
14.064 
14.064 

14.086 
14.082 
14.084 

13.496 
13.494 
13.495 

13.524 
13.516 
13.530 

Means 

dcm. 
Inst 

deg.  C. 
rument  at 

the  50-m.  point  of  the 
Tel.  N.,  Level  D. 

Tel.  I.,  Level  R. 

Q 

is. 798 

2.467 

16.0 

Note: 

18.204 

2.463 

Value  of  the  level  was 

0 

5"  per  2 -mm.  grad. 
The  smallest  grad- 

uation on  the  rods 

13.662 

2.473 

—  10  mm.  Tlie  mag- 

0 

nifying  power  of 
the    telescope  =  50 

diameters.    Length 

13.506 

2.469 

of  bubble  =  80  mm. 

0 

Mirror  adjusted 
for  parallax. 

c+f-  60  m. 

13.491 

2.470 

15.8 

"ument  at 
15.8 

0 

13.3332 

2.4684 
Inst 

the  15  m.  point  of  the 

13.699 

0.720 

0 

13.706 

0.715 

0 

13.724 

0.721 

0 

13.136 

0.720 

0 

15.7 

13.161 

0.717 

13.4852 

0.7186 

equality  as  the  only  remaining  source  of  error  in  tlie  second  series. 
Hence,  the  residual  inclination  is  found  by  comparing  the  diiferences 
of  elevation  between  the  zero  and  100-m.  i^oints  as  found  by  the  two 
series  of  observations. 

Temperature  and  atmospheric  influences  must  be  carefully  avoided 
in  these  observations  by  choosing  a  proper  time  of  day,  or  cloudy 
weather. 
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OoujAB  InequaijIty,  Bxjfp  and  Bebgeb  Level,  No.  2768. 


Fore  Sights. 


Point. 

Rod 
No. 

Thread  readings. 

Mean. 

Thread 
distance. 

Diff.  of 
elev. 

Remarks. 

1 

3 

3 

100-m.  b 
100 

ase  lir 
5 

M. 

5 
M. 

5 
M. 

5 
M. 

5 
M. 

ase  lin 
5 

M. 

5 

M. 

5 
M. 

5 
M. 

5 
M. 

dcm. 
le,  Clayt 
18.714 
18.710 
18.712 

19.122 
19.120 
19.121 

19.588 
19.580 
19.584 

19.432 
19.420 
19.426 

19.412 
19.410 
19.411 

e,  Clayt 
18.786 
18.796 
18.791 

18.800 
18.800 
18.800 

18.804 
18.810 
18.807 

18.230 

18.220 
18.225 

18.268 
18.236 

18.252 

dcm. 
on,  N.  Y 
19.960 
19.950 
19.955 

20.366 
20.360 
20.363 

20.820 
20.810 
20.815 

20.670 
20.660 
20.665 

20.650 
20.648 
20.649 

3n,  N.  Y 
20.898 
20.898 
20.898 

20.906 
20.902 
20.904 

20.914 
20.920 
20.917 

20.350 
20.328 
20.339 

20.380 
20.3n0 
20.365 

dcm. 

21.196 
21.190 
21.193 

21.600 
21.600 
21.600 

22.052 
22.048 
22.050 

21.900 
21 .898 
21.899 

21.888 
21.886 
21.887 

Means 

23.002 
23.010 
23.C06 

23.010 
23.010 
23.010 

23.024 
23.036 
23.030 

22.460 
22.446 
22.453 

22.490 
22.464 
22.477 

Means 

dcm. 

dcm. 

mm. 

Tel.  N.,  Level  D. 

Tel.  I.,  Level  R. 

100 

19.953 

2.481 

-715.5 

100 

30.361 

2.479 

—715.7 

100 

20.816 

2.466 

-735.4 

B.  S.  =  49.968  m. 

F.  S.  =  50.100  m. 

Ex.  F.S.  +  0.132  m. 

100 

20.663 

2.473 

—715.7 

20.649 

2.476 

—715.8 

100-m.  b 
100 

20.4884 

2.4750 

—715.62 

100 

20.898 

4.215 

—719.9 

F.  S.  =  85.004  m. 

B.  S.  =  14  972  m. 

Ex.F.  S.  +  70.032  m- 

100 

20.905 

4.210 

—719.9 

Residual  Excess  F.  S. 
= +69.90  m. 

100 

20.918 

4.223 

—719.4 

TrueD.=  —715.62mm. 
Err.  D.=  — 719.98mm. 
Resid.  =  +     4.36mm. 
for  69.9m.  Excess  F.S. 

or=^  +0.0624  mm. 
per  meter  Excess  of 
F.S. 

100 

20.339 

4.228 

—720.3 

20.365 
20.6850 

4.225 

—720.4 
—719.98 

4.2202 

When  the  horizontal  distance  between  the  cradle  supports  of  the 
telescope  differs  from  the  distance  between  the  contact  points  of  the 
collars  with  the  level  tube,  then  the  only  wear  on  tlie  collars  which 
affects  the  above  residual  inclination  is  that  which  takes  jjlace  on  the 
collars  under  the  level  tube.  This  wear  is  very  slow  and  may  be 
almost  entirely  prevented  by  applying  the  precaution  of  lifting  off  the 


854  MOLITOR   OlST   PRECISE   SPIRIT   LEVELING.  [Papers. 

level  tube  wlieuever  the  telescoi^e  is  being  reversed  and  when  the 
instrument  is  being  carried. 

Past  practice  has  been  to  construct  the  cradle  and  level  tube  with 
such  dimensions  as  to  bring  the  four  contact  points  on  each  collar 
exactly  in  a  jjlane.  The  wear  resulting  from  the  cradle  supports  will 
then  aflfect  the  level  tube  bearings  and  the  whole  matter  of  collar 
inequality  reaches  a  chaotic  stage  beyond  all  possibility  of  solution. 
Hence,  this  condition  should  be  carefully  avoided,  and  it  might  be 
suggested  that  a  pair  of  collars  be  jirovided  for  the  cradle  supports 
independent  of  those  for  the  level  tube. 

An  example  of  a  comi^lete  determination  of  the  residual  error  due 
to  collar  inequality  is  given  in  Table  No.  9.  The  result  found  is 
+  0.0624  mm.  per  meter  excess  of  fore  sights,  which  corresponds 
closely  with  the  value  4  0.0678  jjrevioiisly  found  by  the  old  method 
with  corrections  applied.  The  rule  for  aj)plying  this  error  is  there- 
fore: On  direct  lines,  the  difference  of  elevation  between  two  suc- 
cessive bench-marks  is  algebraically  increased  for  a  positive  excess  of 
fore  sights,  and  on  reverse  lines  the  difference  of  elevation  is  algebra- 
ically increased  for  a  negative  excess  of  fore  sights,  provided,  that  the 
difference  of  elevation  is  given  the  same  sign  as  for  the  direct  line. 

7.   Eyepiece  Movements. 

When  the  eyepiece  is  afflicted  with  irregular  movements  for  different 
focal  distances,  the  thread  adjustment  becomes  very  unreliable,  and, 
in  fact,  an  instrument  having  such  a  defect  is  not  suitable  for  accurate 
work. 

The  most  dangerous  error  is  produced  by  lateral  looseness  of  the 
eyepiece  slide,  which  causes  the  eyepiece  to  drop  slightly  after  each 
inversion  of  the  telescoi^e,  and  thus  vitiates  all  readings.  Regular 
linear  motion  is  necessary,  even  though  the  direction  is  inclined  to  the 
axis  of  the  telescope.  Such  regular  inclination  is  entirely  eliminated 
by  readings  in  the  normal  and  inverted  positions  of  the  telescope, 
while  the  irregular  looseness  affects  each  sight  and  each  position 
differently.  Hence  the  importance  of  proper  design  and  careful 
construction  of  this  detail  of  the  telescope,  to  which  attention  has 
already  been  invited. 

To  determine  the  presence  and  character  of  these  eyepiece  move- 
ments, the  following  tests  should  be  made: 
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First,  perform  several  inversions  of  the  telescope,  each  time  read- 
ing a  rod  placed  60  to  70  m.  from  the  instrument.  If  these  readings 
show  no  changes  or  marked  variations  in  the  thread  error,  then  there 
is  no  lateral  looseness  of  the  eyepiece  slide.  However,  it  frequently 
happens  that  such  looseness  develops  as  a  result  of  wear,  or  when 
working  during  extremely  warm  weather.  It  is  well  to  have  the  eye- 
piece move  somewhat  hard,  and  a  thick  lubricant,  such  as  tallow,  is 
Ijreferable  in  warm  weather,  while  a  more  tiuid  oil  may  be  used  in  cold 
weather. 

Second,  to  determine  the  obliquity  of  motion  of  the  eyepiece 
slide,  the  instrument  should  be  set  up  5  or  10  m.  behind  the  zero  mark 
of  the  measured  base  line  and  readings  taken  on  siich  ^joints,  the  ele- 
vations of  which  have  been  determined  previously  by  shots  of  equal 
back  and  fore  sights.  Such  a  set  of  readings,  which  may  be  repeated 
several  times  for  level  tube  direct  and  reversed,  but  without  inverting 
the  telescope,  will  give  a  profile  of  the  line  of  sight,  which  should  be 
a  straight  line.  The  inclination  of  this  line  of  sight  for  the  different 
points  sighted  should,  of  course,  be  constant,  and  by  comparing  this 
mean  inclination  with  the  error  due  to  collar  inequality,  the  resultant 
of  the  two  is  the  inclination  due  to  obliquity  of  eyepiece  motion. 

TABLE  No.  10. — Detekmination  of  Obliquity  op  Eyepiece  Motion, 


Point. 

Length  op 

Difference  of 
Elevation. 

Instru- 
ment set  at 
point  of 
base. 

Error. 

Excess 

of 
F.S. 

Obliquitjr 

True,  for 

Erroneous 

fcr 
unequal 
sights. 

of  line  of 
sight. 

To. 

From. 

B.S. 

F.S. 

equal 
sights. 

mm.  per 

m. 

m. 

mm. 

meter. 

20 

0 

60 

60 

40 

h  288.1 

^ 

h  289.6 

—1.5 

-20 

—0.0750 

40 

0 

10 

10 

30 

- 

-  501.6 

- 

-  500.4 

+■1.2 

+20 

-J 

-0.0600 

()(» 

0 

20 

20 

40 

L  737.4 

- 

r  736.8 

4-1.1 

4-2.4 

--20 

- 

-0.0550 

60 

0 

10 

10 

50 

. 

-  737.4 

- 

-  735.0 

--40 

- 

-0.0600 

80 

0 

20 

20 

60 

- 

-  897.9 

-  885.6 

-{-2.3 

--40 

n 

r0.0575 

40 

0 

60 

60 

20 

-  501.6 

- 

-  504.4 

—2.8 

—40 

—0.0700 

80 

0 

60 

60 

20 

-  897.9 

- 

-  900.5 

-2.6 

-40 

—0.0640 

80 

0 

10 

10 

70 

-  897.9 

_ 

-  894.6 

+3.3 

J 

-60 

-1-0.0550 

100 

0 

20 

20 

80 

-1115.5 

. 

-1111.7 

-i-3.8 

. 

-60 

- -0.0633 

100 

0 

10 

10 

90 

hi 115. 5 

- 

-1110.4 

+5.1 

- 

h80 

+0.0638 

Mean  =  0.0625. 


Table  No.  10  gives  the  results  of  a  set  of  observations,  for  which 
each  value  is  the  mean  of  two  sets  of  readings  of  three  threads,  each 
for  level  direct  and  level  reversed.     The  error  of  estimation  is  prob- 
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ably  large,  bec-ause  the  observer  (the  writer)  had  not  yet  attained  the 
necessary  skill  in  estimating  on  10-mm.  rod  graduations. 

The  instrument,  Buff  and  Berger  Level,  No.  2768,  was  here  placed  at 
different  points  of  the  base  line,  but  it  would  be  better  to  follow  the 
plan  above  outlined.  The  level  tube  had  a  curvature  of  5"  per  2 
millimeters,  the  smallest  rod  graduation  was  10  mm.,  and  the  magni- 
fying power  of  the  telescope  was  50  diameters.  The  ratio  of  the  tele- 
meter threads  was  1 :  100,  which  is  i^artly  the  fault  of  poor  estimation 
on  the  extreme  threads. 

The  obliqiTity  of  the  line  of  sight  found  for  excess  of  fore  sights  vary- 
ing from  20  to  80  m.  is  practically  constant,  and  hence  the  eyepiece 
XQOves  in  a  straight  line. 

8.  Determination  of  A  of  Rods. 

This  may  be  done  by  direct  measurement,  with  a  finely  divided  steel 
scale,  or  it  may  be  accomplished  with  the  aid  of  the  leveling  instru- 
ment. 

The  latter  method  consists  of  repeated  readings  taken  on  the  rod 
held  on  a  specially  prepared  spike  head  and  then  a  second  set  of  read- 
ings taken  on  a  steel  scale  held  on  the  same  mark.  The  mean  differ- 
ence of  the  two  sets  of  readings  is  the  A  of  the  rod. 

Field  Methods  of  Peecise  Leveling. 
1.   Organization  and  Subsistence  of  the  Field  Party. 

a.  Organization. — A  field  party,  while  it  may  be  differently  consti- 
tuted to  comply  with  conditions  and  circumstances  j^eculiar  to  certain 
localities,  is  genei-ally  composed  of  an  observer,  who  is  chief  of  the 
party;  a  recorder,  two  rodmen  and  an  umbrellaman.  Sometimes  an 
axeman  is  required  when  lines  must  be  cleared  of  brush.  A  cook  and 
camp  outfit  may  be  necessary  when  the  party  cannot  subsist  on  the 
farming  community. 

A  projier  make-uj)  of  energetic,  active,  Avell-educated  and  practical 
men  is  the  prime  necessity  when  high-grade  work  is  expected.  The 
very  best  are  none  too  good  for  precise  leveling,  and  it  is  economy  to 
employ  only  efficient  men  at  high  comjaensation,  even  for  the  better 
grades  of  railroad  levels.  This  applies  equally  to  the  instrumental 
outfit  with  which  a  party  is  equipi^ed. 
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Ou  all  astronomical  and  precise  geodetic  work  the  high  degree  of 
accuracy  is  attained  by  the  most  delicate  instruments  handled  in  a 
most  skillful  manner  to  obtain  a  large  number  of  observations  of  each 
unknown  quantity,  from  which  the  best  mean  values  may  be  deduced. 

According  to  most  recent  standards  of  precise  leveling  the  accu- 
mulated error  of  say  9  000  individual  rod  readings,  covering  400  klm. 
of  levels,  must  not  exceed  40  mm.  and  often  falls  below  10  mm.  This 
must  be  accomplished  in  the  open  air,  over  any  ground,  and  at  nearly 
all  seasons  of  the  year.  A  certain  daily  rate  of  progress  is  expected, 
and  the  atmospheric  conditions  are  frequently  prohibitive  of  good 
work,  thus  forbidding  the  repetition  of  observations  and  the  rejection 
of  work  which,  though  not  perfect,  must  be  accepted  because  it  falls 
within  certain  arbitrary  limits  of  requirement.  There  is  no  oppor- 
tunity to  select  a  best  value  or  a  mean  of  many  observations.  There 
is  but  one  result  and  that  must  be  correct  within  certain  specified 
limits. 

From  this  statement  of  the  facts  it  becomes  apparent  that  the 
ability  and  skill  required  of  a  precise  levelman  is  of  a  very  high  order, 
somewhat  at  variance  with  the  commonly  accepted  idea. 

The  observer  and  chief  of  a  precise  level  party  must  be  a  special- 
ist, possessing  a  thorough  scientific  training  and  having  a  faculty 
for  careful  and  patient  research  united  with  a  natural  adapta- 
tion to  artistic  manij)ulations.  He  must  always  lead  and  provide  for 
the  welfare  and  comfort  of  his  party,  frequently  to  the  extent  of  sup- 
l^lying  medical  aid.  He  must  often  be  satisfied  with  a  meager  com- 
pensation and  with  little  recognition  for  the  quality  of  his  services, 
because  such  service  is  rarely  appreciated  except  by  one  who  has  been 
^'  through  the  mill  "  himself. 

The  recorder  should  be  a  college  graduate  with  several  years'  prac- 
tical experience,  especially  in  the  computing  department  of  geodetic 
and  survey  work.  He  must  be  very  quick  and  correct  in  recording  and 
reducing  observations,  and  must  keep  clean  and  legible  notes.  Much 
of  the  success  of  a  party  dejiends  on  the  ability  of  the  recorder  to  fill 
his  position  well. 

The  rodmen  should  be  college  graduates,  as  besides  their  regular 
duties  of  rodding,  they  must  be  able  to  check  the  field  note  reduction 
and  computation  made  by  the  recorder.  Without  such  assistance  the 
labor  devolving  on  the  recorder  and  observer  would  be  excessive,  and 
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the  progress  of  the  work  would  be  retarded.  The  duties  of  the  rodmen 
are  exactly  the  same,  and  there  should  be  no  distinction,  such  as  head 
and  rear  rodnaan. 

There  are  no  special  qualifications  attaching  to  the  umbrellaman  or 
possible  axeman,  except  that  the  former  must  carry  the  instrument  and 
must  be  cautious  and  trustworthy. 

The  chief  of  party  should  be  allowed  to  appoint  Lis  own  assistants, 
and  he  alone  is  then  responsible  for  the  quality  and  quantity  of  work 
performed.  The  several  members  of  a  party  should  be  congenial,  and 
pull  together.  The  general  principles,  as  Avell  as  the  details  of  the 
work,  should  be  familiar  to  all,  and  ample  ojjportunity  should  be 
given  for  the  free  discussion  of  any  doubtful  matters  which  may  arise. 

h.  Subsistence. — The  peculiarities  of  leveling  over  long  stretches  of 
country  necessarily  bring  about  conditions  which  are  radically  differ- 
ent from  other  field  work,  and  a  few  remarks  on  this  subject  may  be 
in  order  here. 

The  engineer  has  often  been  compared  with  the  tramp,  which  is 
more  or  less  justifiable  on  some  kinds  of  work;  but  when  leveling  is  the 
subject  under  consideration,  the  slight  distinctions,  usually  claimed  in 
favor  of  the  engineer,  vanish  into  insignificance. 

Owing  to  the  rajnd  progress  of  a  leveling  i^arty,  it  is  necessary  tO' 
move  headquarters  about  every  second  or  third  day,  and  this  prevents; 
the  use  of  a  regular  camping  oixtfit,  imless  it  be  in  the  form  of  a  gypsy 
caravan  with  team  and  wagon.  This  is  generally  more  expensive  than 
subsisting  on  the  farming  community,  and  is,  therefore,  not  resorted 
to,  except  when  passing  through  imsettled  country. 

Boarding  with  the  farmers,  however,  is  not  always  a  jaleasant  ex- 
istence, as  those  who  have  experience  will  testify.  Every  farmer 
wishes  to  profit  by  the  misery  of  the  party,  and  the  usual  result  is  that 
hotel  rates  are  charged  and  tramp  accommodations  are  offered.  There 
are  exceptions  to  this  rule,  but  they  are  very  rare  and  enjoy  a  long  life 
in  the  memory  of  the  levelman. 

The  personal  .baggage  must  be  confined  to  a  minimum,  as  there  are 
times  when  each  man  must  pack  his  own  belongings  and  work  as  he 
goes.  At  other  times  a  hoi'se  and  buggy  may  be  secured  for  this- 
service. 

Working  hours  are  generally  from  sunrise  until  atmospheric  inter- 
ference prevents  further  progress,  and  again  in  the  afternoon  when 
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-work  becomes  possible  until  sunset.  This  makes  the  busiest  time  for 
the  levelman  at  the  usual  breakfast  and  supper  hours,  which  adds 
greatly  to  the  discomfiture  of  both  parties  concerned. 

The  foregoing  will  suffice  to  enable  the  reader  to  draw  his  own  con- 
clusions regarding  the  pleasantries  of  the  levelman's  occupation. 

2.     Systems  of  Leveling. 

The  value  of  a  single  line  of  levels  has  often  been  over-estimated, 
assuming  that  careful,  conscientioiis  work  would  yield  correct  results. 
It  is  never  known  with  absolute  certainty,  however,  when  work  is  cor- 
rect unless  at  least  two  results  are  obtained,  and  even  then  cases  are 
on  record  where  both  results  Avere  erroneous,  yet  agreeing  fairly  well 
with  each  other. 

Several  systems  of  duplicate  leveling  have  been  used  with  the  dis- 
tinct purpose  to  check  work  and  at  the  same  time  to  eliminate  injurious 
atmospheric  influences;  also  to  detect  heaving  or  settling  of  instru- 
ments and  other  sources  of  error.  The  methods  commonly  used  were 
to  run  duplicate  simultaneous  lines,  using  one  instrument  and  two  sets 
of  turning  points,  or  two  instruments  and  one  set  of  turning  points;  to 
run  dui^licate  simultaneous  lines  in  opposite  directions  using  two  com- 
plete party  outfits;  to  run  duplicate  lines  in  opposite  directions  by  the 
same  party,  dividing  the  work  variously  between  forenoons  and  after- 
noons. The  method  generally  prevailing  is  to  run  one  way  in  the  forenoon 
and  to  dupHcate  the  work  in  the  opposite  direction  in  the  afternoon. 

The  experiments  conducted  by  the  writer,  however  (see  Table  No. 
6),  to  show  the  eifect  of  time  of  day  and  direction  of  line  on  the  closure 
of  level  lines,  answer  this  question  very  conclusively.  Accordingly, 
there  appears  to  be  but  one  method  of  detecting  the  principal  error 
due  to  temperature  or  radiation  and  that  is  to  run  duplicate  lines  in 
oijposite  directions  by  a  single  party,  closing  each  stretch  in  the  same 
half  of  the  day.  This,  however,  is  merely  a  means  of  detecting  the 
presence  of  errors  from  this  source;  such  errors  may  be  eliminated  only 
by  dividing  the  work  equally  between  the  two  halves  of  the  day  for  the 
entire  line  of  levels. 

This  view  is  quite  different  from  that  ordinarily  held  by  most 
authorities,  but  the  conclusion  above  reached  supersedes  all  theo- 
retical reasoning,  being,  as  it  is,  the  result  of  actual  observation  and 
experiment. 
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On  some  recent  Government  work,  a  system  of  single  lines  has  been 
adopted  with  the  expectation  of  checking  or  closing  the  work  by  level- 
ing in  large  polygonal  lines  forming  a  net.  If  such  work  be  carried 
on  in  a  continuously  forward  direction,  the  errors  are  very  ajat  to  be 
cumulative.  If  work  be  run  direct  and  reverse  on  alternate  days,  the 
error  will  be  materially  reduced,  but  such  a  level  line  will  be  unsatis- 
factory and  may  embrace  many  serious  local  undulations  and  still  close 
well  on  an  entire  polygon. 

Hence,  if  high-grade  work  is  required,  it  is  absolutely  necessary  to 
run  forward  and  back  over  each  stretch,  and,  according  to  the  writer's 
experience,  each  stretch  should  be  closed  in  the  same  half  of  the  day, 
choosing  the  length  of  the  stretch  to  make  this  requirement  possible. 

3.  Instrument  Adjustments  and  Constants. 

The  manner  of  adjusting  a  level  and  determining  its  constants 
has  already  been  given  in  full  detail,  and  hence  only  a  few  remarks  are 
necessary  here. 

When  a  party  enters  the  field  to  commence  leveling  operations,  the 
first  thing  is  to  measure  a  base  line  and  mark  the  ends  and  intermedi- 
ate points  on  bed-rock  or  on  very  solid  stakes  with  large  spikes  for 
turning  points.  The  instrument  constants  should  then  be  carefully 
determined  and  a  permanent  record  kept  of  all  work  done.  The  same 
observations  should  be  repeated  at  the  completion  of  the  work,  or  at 
the  close  of  the  field  season,  if  possible  on  the  same  base  line. 

The  adjustments  of  the  level  should  be  tested  every  day  before 
doing  any  leveling,  and,  if  found  excessive,  the  instrument  must  be 
carefully  adjusted.  As  will  be  seen  presently,  the  combined  error  of 
the  cross-threads  and  level  tube  is  measured  by  each  set  of  observa- 
tions, and,  whenever  this  becomes  excessive  (exceeds  1  mm.  in  50  m.), 
it  is  well  to  readjust  the  cross-threads  and  level  tube.  The  lateral 
adjustment  of  the  level  tube  and  the  plate  levels  do  not  require  much 
attention,  though  the  eyepiece  movements  should  be  constantly 
watched,  as  in  extreme  temperatures,  irregularities  often  occur  which 
would  prove  serious  if  not  detected  at  the  time. 

When  working  with  a  very  delicate  level,  great  care  should  be  exer- 
cised not  to  expose  the  instrument  to  sudden  changes  of  extreme  tem- 
peratures, as  is  very  apt  to  occur  in  cold  weather.  The  level  should 
be   maintained  as  nearly  as  possible  at  the  atmospheric  temperature. 
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and  shoiild  not  be  left  standing  in  the  sim  or  be  placed  in  a  warm- 
room  after  being  used  in  the  cold. 

Attention  should  be  called  to  the  fact  that  it  is  useless  to  attempt' 
the  adjustment  of  an  instrument  before  it  has  stood  long  enough  to 
take  on  an  even  temperature  in  the  air  where  it  is  to  be  used.  This 
may  require  15  minutes  or  more  after  being  removed  from  the  case,., 
and  can  be  best  determined  by  observing  the  constancy  in  the  length 
of  the  bubble,  which  is  a  determining  factor.  A  single  reversal  of  the 
level  tube  is  not  considered  sufficient  to  decide  whether  or  not  the 
level  tube  requires  adjustment,  but  at  least  two,  and  generally  three  or; 
four,  are  necessary  to  determine  the  real  state  of  affairs.  Hasty  actioni 
will  often  cause  much  useless  labor  and  delay.  A  level  which  was  in^ 
adjustment  when  placed  in  the  case  will  scarcely  ever  be  so  when  again 
set  on  the  trijiod,  but  in  a  few  minutes  it  frequently  returns  to  perfect 
adjustment. 

The  rods  should  be  tested  regularly,  morning,  noon  and  evening, 
and,  when  not  plumb,  the  rod  levels  should  be  adjusted. 

It  is  not  necessary,  according  to  the  method  of  observing  advocated 
in  the  following,  to  measure  and  record  errors  of  adjustment,  as  these 
errors  are  not  sufficiently  constant  to  justify  their  use  in  applying  cor- 
rections. 

4.  Atmospheric  Conditions  Permitting  Accej^table  Work. 

The  opinions  regarding  this  important  faetor  are  so  varied  that,  to 
the  inexperienced,  it  may  seem  impossible  to  follow  any  definite  rule. 

The  majority  of  writers  take  the  stand  that  work  may  be  profitably 
carried  on  when  the  air  is  sufficiently  quiet  to  enable  the  observer 
to  obtain  a  good,  steady  image,  when  the  rod  is  placed  at  about  30  m. 
from  the  instrument,  independent  of  the  time  of  day.  This  is  entirely 
inadmissible  in  warm  weather,  as  is  clearly  shown  by  the  experiments 
given  in  Table  No.  6. 

A  steady  image  is,  however,  only  one  of  the  many  governing  con- 
ditions for  obtaining  good  work.  It  may  be  accepted  as  satisfactory 
evidence  of  normal  conditions  when  the  sun  is  completely  hidden  by 
dense  clouds  so  that  not  merely  the  instrument,  but  the  entire  dis- 
tance sighted  over  is  in  the  shade. 

On  clear  or  partially  cloudy  days,  great  care  and  good  judgment 
are  required  to  obtain  acceptable  readings  during  midday  hours,  which 
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in  tlie  warm  summer  months  may  comprise  from  8  A.  m.  to  5  p.  m., 
leaving  only  the  early  morning  and  late  evening  hours  for  work.  In 
the  cooler  weather  of  spi-ing  and  fall,  leveling  may  l»e  done  at  nearly 
all  hours,  though  excessive  dampness  of  the  ground,  combined  with 
warm  air,  may  frequently  cause  trovible. 

The  following  method  of  observing  is  intended  to  furnish  the 
means  of  detecting  any  abnormal  atmospheric  conditions  or  rapid 
changes,  and  the  observer,  if  he  is  very  careful,  will  soon  learn  to 
judge  the  reliability  of  his  readings  by  the  behavior  of  the  bubble  and 
the  coincidence  of  his  pairs  of  observations. 

However,  the  error  shown  to  exist  in  very  warm  weather  (see  Table 
No.  6)  cannot  be  detected,  except  by  the  closure  of  a  line,  and  the 
best  and  most  careful  work  may  be  done  under  seemingly  good  condi- 
tions without  yielding  satisfactory  results. 

To  test  the  atmospheric  conditions,  the  following  method  may 
prove  serviceable  when  working  in  very  warm  weather.  At  a  conve- 
nient place  near  each  cam^j,  drive  three  stakes  in  approximate  direction 
of  the  level  line  and  about  50  m.  apart  (set  by  the  level).  Large 
spikes  should  be  driven  in  the  first  and  third  stakes.  The  instrument 
is  set  up  over  the  center  stake,  and  the  difference  of  elevation  between 
the  first  and  last  stakes  is  carefully  determined  very  early  or  very  late 
in  the  day  or  during  cloudy  weather.  Whenever  the  atmospheric  con- 
dition is  uncertain  it  may  be  tested  by  setting  the  instrument  over  the 
middle  stake  and  taking  a  set  of  readings  on  the  first  and  third  stakes. 
If  the  resulting  difference  of  elevation  does  not  check  the  one  pre- 
viously found  under  known  conditions  within  the  allowable  error  of 
estimation,  then  no  acceptable  work  can  be  executed. 

Working  during  the  warm  summer  months,  June,  July  and  August, 
has  many  disadvantages,  and  the  recommendation  previously  made, 
respecting  the  advisability  of  niglit  leveling  will  be  well  worth  consid- 
eriition  if  within  the  limits  of  possibility. 

5.  Method  of  Observing. 

The  method  of  observing,  advocated  by  the  writer,  is  such  as  to 
eliminate  all  instrumental  errors  in  the  observations  themselves,  and 
obviate,  as  far  as  possible,  all  mathematical  manipulations  in  the  form 
of  corrections.  It  is  held  that  careful  observations,  taken  only  under 
suitable  atmospheric  conditions,  will  lead  to  better  results  than  can 
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ever  be  expected  by  applying  more  or  less  speculative  corrections  to 
work  of  less  exact  execution. 

The  instrument  should  always  be  completely  shadetl  from  the 
dii'ectrays  of  the  sun,  and  should  be  jjrotected  from  rain  and  annoying 
winds.  This  can,  with  rare  exceptions,  be  accomplished  with  a  large 
instrument  umbrella,  as  previously  described.  So-called  wind 
protectors  are  not  considered  practical  when  using  a  good  firm  tripod, 
such  as  supplied  with  Buff  and  Berger  Level  No.  2768,  though  they 
are  valuable  when  using  less  rigid  tripods.  One  of  the  best  forms  of 
protectors  was  designed  by  E.  E.  Haskell,  M.  Am.  Soc.  C.  E.,  and 
consists  of  three  10-ft.  poles  forming  a  tripod,  which  latter  is  covered 
with  canvas  to  form  a  portable  tent.  Openings  for  taking  readings 
are  ijrovided. 

All  rod  readings  are  taken  on  rods,  held  perfectly  plumb  by  means 
of  spirit  levels,  and  three  threads  are  read  for  each  sight.  The  bubble 
is  always  in  the  center  when  readings  are  taken,  and  the  observer  sees 
the  rod  image  with  one  eye  simultaneously  with  the  bubble  image  in 
the  mirror  with  the  other  eye. 

The  rods  are  placed  equidistant  from  the  instrument  by  therodmen 
counting  their  paces.  The  rodmen  become  alternately  head  and  rear 
rodman,  thus  having  exactly  the  same  duties  and  responsibility. 

One  rod  is  held  on  a  starting  bench-mark  and  the  other  on  the  first 
turning  point;  the  readings  are  taken  and  the  instrument  and  rear 
rod  are  then  carried  forward  to  new  positions.  The  rear  rodman 
counts  his  paces  from  the  first  turning  point  to  the  new  instrument 
position  and  then  proceeds  ahead,  repeating  his  count  to  the  second 
turning  point.  This  process  is  continued  until  a  new  bench-mark 
is  reached.  The  instrumentman  thus  fixes  the  length  of  shot  he 
wishes  to  take,  and  both  rods  are  always  in  jjosition  when  readings  are 
taken. 

The  readings,  constituting  one  pair  of  back  and  fore  sights,  are 
taken  as  follows:  With  the  telescope  normal  and  the  level  tube  direct, 
the  first  sight  of  the  back  sight  is  taken  with  the  bubble  in  the  center. 
Then,  without  disturbing  the  telescope,  not  even  touching  the  focus- 
ing screw  or  level  tube,  the  instrument  is  quickly  swung  on  to  the 
front  rod  and  the  first  sight  taken  on  the  fore  sight  as  soon  as  the 
bubble  can  be  centered  by  the  micrometer  screw.  Should  the  lengths 
of  the  shots  be  materially  unequal,  the  front  rod  is  set  correctly  and 
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the  sights  are  repeated.  The  level  tube  is  then  removed  and  the  tele- 
scope is  inverted,  carefully  replacing  the  level  tube  in  a  reversed  posi- 
tion. The  second  sight  of  the  fore  sight  is  then  taken  with  the  bubble 
in  the  center;  the  instrument  is  quickly  swung  on  to  the  rear  rod  and 
the  second  sight  of  the  back  sight  is  taken. 

Before  taking  up  the  instrument,  the  recorder  inspects  the  two 
sets  of  readings  to  ascertain  any  possible  inconsistencies,  and,  if  any 
are  discovered,  the  readings  are  repeated;  otherwise,  the  instrument 
is  carried  forward,  and  the  recorder  takes  out  the  mean  readings  and 
thread  distances  while  the  instrument  is  being  reset. 

In  closing  on  a  bench-mark,  the  instrument  is  so  j^laced,  on  the 
last  pair  of  sights,  as  to  make  the  sum  of  the  thread  distances  of  the 
back  sights  equal  to  the  sum  of  the  thread  distances  of  the  fore  sights 
for  the  entire  stretch  between  bench-marks.  The  difference  of  eleva- 
tion and  total  length  of  stretch  is  then  figiired  and  the  stretch  run  in 
the  opposite  direction  during  the  same  half  of  the  day.  The  closure 
of  the  loop  thus  run  must  be  less  than  the  specified  limit  given  in  the 
following. 

By  this  method  of  observing,  the  errors  of  pointing  and  of  esti- 
mation are  materially  reduced  and  become  almost  insignificant,  as 
compared  with  those  incident  to  other  methods,  while  the  errors  of  the 
telescope  and  level  tube  are  eliminated,  to  all  intent  and  purpose. 
The  only  correction  to  be  applied  to  the  work  is  for  rod  length  and 
temperature  as  above  described. 

Should  the  sums  of  sights  not  be  entirely  equalized,  then  the 
"residual  correction"  due  to  collar  inequality,  etc.,  must  be  applied 
for  the  resulting  excess  of  fore  sights.  Further  than  this,  no  correc- 
tions of  any  kind  are  necessary  or  apjilicable  to  the  field  notes. 

When  a  bench-mark  is  so  placed  that  the  level  rod  cannot  be  held 
directly  on  the  mark  as  on  a  turning  point,  then  a  steel  tape  is  most 
advantageously  used  at  short  range.  Such  a  tape  has  been  described 
in  connection  with  level  rods,  and  the  value  "A"  for  the  rods  used 
must  be  subtracted  from  all  tape  readings  when  the  tajie  is  stretched 
upward  from  the  mark. 

On  direct  lines,  the  back  sights  are  considered  positive  and  the  fore 
sights  are  negative,  while  on  reverse  lines  these  signs  are  advisedly 
reversed,  thus  giving  the  same  sign  to  the  difference  of  elevation 
whether  determined  from  a  direct  or  reverse  line. 
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A  Hue  is  considered  "  direct  "  when  going  from  tlie  initial  or  start- 
ing point  toward  tlie  terminal  jjoint.  The  opposite  direction  is  con- 
sidered "I'everse. " 

6.  System  of  Notes. 

The  method  of  observing  was  treated  somewhat  briefly,  with  the 
expectation  of  illustrating  the  details  of  the  method  here  advocated  by 
a  comijlete  example  of  notes,  thus  presenting  the  subject  in  a  more 
understandable  manner. 

The  following  books  constitute  the  records  of  a  precise  level  party: 
A  notebook  of  bench-mark  descriptions;  as  many  notebooks  as  may  be 
necessary  for  level  notes;  and  a  summary -book  containing  a  compila- 
tion of  final  results  and  computation  of  elevations.  In  addition  to 
these  notes  the  level  line  and  all  fairly  permanent  bench-marks  should 
be  platted  on  some  large-scale  map  of  the  route,  whenever  such  a  map 
is  obtainable. 

The  level  fieldbooks  should  be  about  5  x  7 J  ins. ,  with  printed  head- 
ings, vertical  column  ruling,  and  horizontal  lines  ruled  ii,-  in.  apart. 
The  summary-book  should  be  about  9  x  12  ins.,  of  pajaer  ruled  cross- 
wise with  about  seven  squares  to  the  inch.  The  headings  can  be 
printed,  or  stamped  with  a  large  rubber  stamp,  and  the  columns  ruled 
by  hand. 

Each  fieldbook  should  contain  on  the  front  page  a  brief  statement 
of  programme  of  observing,  definitions  of  instrument  positions,  names 
of  observer  and  recorder,  instrument  and  rods  used,  units  of  measure 
adopted,  etc.  The  notes  should  then  follow  in  chronological  order  in 
strict  accordance  with  the  system  adopted.  The  last  double  page  of 
each  book  should  contain  a  summary  of  results  with  page  index  of 
work  recorded  in  such  book. 

The  summary-book  should  contain  a  similar  introduction,  with 
■definitions  of  terms  used  therein,  authority  and  elevation  of  starting 
bench-mark  and  a  brief  history  of  the  work. 

It  is  scarcely  necessary  to  give  an  example  of  bench-mark  descrip- 
tions, though  it  must  be  emphasized  that  too  much  attention  cannot 
be  given  to  the  accurate  and  complete  description  of  every  perma- 
nent bench,  as  appears  from  the  purpose  for  which  such  a  descrip- 
tion should  serve.  A  very  good  test  of  the  adeqiiacy  of  such 
descriptions  is  for  the  observer  to  place  the  bench  and  draft  the 
first  descrii^tion.     The  recorder  should  then  find  the  bench  with  the 
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aid  of  this  description,  and,  if  the  latter  is  found  deficient,  it  must  be 
improved. 

A  comj^lete  example  of  a  field  level-book  is  given  in  the  following, 
and  applies  to  Buff  and  Berger  Level,  No.  2768  (see  Plate  XXXIV). 

Designation  of  Instrument  Positions. 

' '  1.  The  telescope  points  direct  when  its  eye  end  is  over  the  microm- 
eter bearing  of  the  wye-cradle.  This  position  is  always  maintained 
when  leveling. 

"2.  The  telescope  is  normal  when  the  focusing  screw  at  the  eye  end 
is  on  the  upper  right-hand  side  as  seen  from  the  position  of  the 
observer. 

"3.  The  level  tube  is  in  its  direct  position  when  the  end  marked 
'  chamber '  is  at  the  eye  end  of  the  telescope. 

Programme  of  Readings. 

"1.  For  each  position  of  the  telescope,  the  three  threads  are  read 
consecutively  from  the  upper  thread  down,  and  the  readings  are 
recorded  in  this  order  as  1,  2  and  3,  whether  the  telescope  is  normal  or 
inverted. 

"2.  Each  shot  is  the  mean  of  six  thread  readings  taken  for  the  two 
following  positions  of  telescope  and  level  tube:  1.  Telescope  normal, 
level  direct;  2.  Telescope  inverted  and  level  reversed.  Thus  each  shot 
or  pair  of  sights  eliminates  errors  in  the  adjustment  of  the  cross- 
threads  and  the  level  tube. 

' '  3.  The  thread  distance  corresiDonding  to  the  mean  value  of  the  two 
instrument  i^ointings,  or  sights,  is  obtained  by  subtracting  the  mean 
for  thread  1  from  the  mean  for  thread  3. 

"4.  Thread  distance,  in  decimeters,  is  converted  into  true  distance, 
in  meters,  by  the  formula 

L=.kl+^n{c+f), 
in  which  /  ^  2,/'  /  =  total  thread  distance,  in   decimeters,  for  any 
stretch  of  n  instrument  settings.     The   stadia  constant,  k,  is  20  for 
thread  ratio  1:200.     The  telescope  constant  c  -|-/=  0.6  m. 

"5.  All  rod  readings  are  read  and  recorded  in  decimeters. 

"  6.  No  bubble  readings  are  recorded,  because  the  bubble  is  always 
in  the  center  when  rod  readings  are  taken.  However,  when  the 
bubble  is  read,  for  exi^erimental  purposes,  the  readings  termed  'eye 
end '  {E)  are  taken  for  the  eye  end  of  the  telescope  whether  the  level 
tube  is  direct  or  reversed.  For  regular  level  work,  the  length  of  the 
bubble  is  maintained  at  40  divisions  ^  8  cm. 

"7.  The  allowable  limit  of  error  for  the  closure  of  each  stretch  is 
1  \/Li,  in  millimeters,  in  which  L  is  the  length  of  the  stretch,  in 
kilometers. 
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"8.  Buff  and  Berger  Precise  Level  No.  27G8,  and  Lake  Survey 
rods  1  and  5  were  used.  For  summary  of  results  see  p.  —  of  this 
book. 

"D.  M.,  Observer;  M.  B.,  Recorder;  A.  E.  and  A.  H.,  Rodmen." 

Lis(ri'me7it  Constants. 

Tlie  instrument  constants  were  determined  whenever  the  instru- 
ment underwent  any  changes  or  alterations,  and  at  the  beginning  and 
end  of  each  field  season.  The  values  used  in  this  book  are  given  in 
Table  No.  11. 

TABLE  No.  11. 


Designation  of  constants. 


Values. 


Magnifying  power  of  telescope,  in  diameters 

Focal  length  of  objective,  in  millimeters 

Diameter  of  objective,  in  millimeters 

Ratio  of  telemeter  threads 

Curvature  of  level  tube,  in  seconds  per  2-mm.  divisions 

Residual  error,  in  millimeters  per  meter  excess  of  F.  S.  for  -\-  difference  of  ele- 
vation   

Weight  of  instrument,  in  kilogranrmes 

Weight  of  tripod,  in  Idlogrammes 

Smallest  graduation  on  rods,  in  millimeters 

A  of  rods  1  and  5.  in  decimeters 


50 
402 

38 
1:200 
2.23 

+  0.0630 
5.3 
7.6 
10 
0.486 


Level  Notes. 

Tables  Nos.  12  and  13  are  the  complete  field  notes  of  a  stretch  of 
levels,  direct  [D]  and  reverse  [R).  During  the  progress  of  the  work 
the  recorder  carries  (in  lead  pencil)  a  continuous  summation  of  thread 
distances,  to  prevent  any  excessive  ineqti'ahty  in  sums  of  sights  (say 
larger  than  2  m.).  On  the  last  setting  the  instrument  is  so  placed  that 
the  final  sums  should  balance.  Only  the  final  sums  are  retained  in 
the  notes,  the  others  are  again  erased  when  the  notebooks  are 
checked,  which  is  done  each  night  by  the  rodmen.  All  notes  as  given 
in  the  sample,  except  final  sums,  are  recorded  in  ink,  thus  preventing 
any  erasures  or  obliterations. 

An  example  of  a  river  crossing  (Tables  Nos.  14  and  15)  is  inserted 
to  indicate  the  special  features  of  such  a  problem,  which  often 
presents  itself  and  which  frequently  involves  numerous  diflficulties. 
The  notes  also  show  in  a  remarkably  striking  manner  the  correctness 
of  the  new  theory  of  collar  inequality  developed  herein. 
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TABLE  No  12.— Example 
Direct  Line  T.  B.  M. 


July  5th,  1889. 


Back  Sights. 


Point. 

Rod 

No. 

Thread  readings. 

Mean. 

Thread 
distance. 

Temp. 

Remarks. 

1 

a 

3 

T.  B  M.  128. 

1 
5 
1 
5 
1 
5 
1 
5 

dcm. 
24.174 
24.176 
24.175 

20.336 
20.336 
20.336 

14.606 
14.602 
14.604 

17.648 
17.653 
17.650 

8.524 
8.512 
8.518 

21.024 
21.024 
21.024 

19.260 
19.258 
19.259 

17.520 
17.516 
17.518 

dcm. 
26.006 
26.008 
26.007 

23.050 
32.052 
23.051 

16.290 
16.284 

10.387 

19.344 
19.348 
19  246 

10.104 
10.096 
10.100 

22.646 
32.646 
33.646 

30.923 
30.916 
30.919 

19.104 
19.098 
19.101 

dcm. 

27.838 
27.840 
27.839 

33.764 
33.766 
33.765 

17.970 
17.964 
17.967 

30.843 
30.844 
20.843 

11.088 
11.678 
11.683 

24.270 
24.268 
34.269 

22.580 
33.576 
33.578 

20.690 
20.684 
20.687 

dcm. 

dcm. 

deg,  C. 
23.9 

3  p.  M. 

Cloudy,  fresh 

wind,  reading 

good. 

Puffy,  cool  wind. 

T    P  1 

26.007 

3.664 



3 

22.051 

3.429 

Cloudy. 

3 

16.286 

3.363 

Sun    shining; 

brisk  puffy 

wind. 

Cloudy. 

4 

19.246 

3.193 

5 

10.100 

3.165 

Cloudy;  wind 
abating. 

B.  S.  +  156.357 
F  S        112  384 

6 

23.646 

3.245 



D  =  -f-    43.973 
Res.  Cor.  0.000 

Light  wind. 

30.919 



3.319 

19.103 

3.169 

156.357 

26.547 

*  Taken  from  precise  level  line  along 
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FoEE  Sights. 


Point. 

Rod 

No. 

Thread  readings. 

Mean. 

Thread 
distance. 

Temp. 

Remarks. 

1 

a 

3 

T.  P.  1 

5 
1 
5 
1 
5 
1 
5 
1 

dcm. 
14.268 
14.S64 
14.263 

8.934 
8.924 
8.924 

16.398 
16.390 
16.394 

13.934 
13.938 
13.936 

7.374 
7.364 
7.369 

3.716 
3.716 
3.716 

10.962 
10.960 
10.961 

23.548 
33.543 
23.545 

dcm. 
16.094 
16.096 
16.095 

10.684 
10.686 
10.685 

18.003 
17.994 
17.998 

15.558 
15.502 
15.560 

8.990 
8.974 
8.982 

5.298 
5.296 
5.297 

13.634 
12.630 
12.632 

25.140 
25.134 
35.137 

dcm. 
17.922 
17.924 
17.933 

12.450 
13.450 
13.450 

19.600 
19.598 
19.599 

17.186 
17.190 

17.138 

10.600 
10.586 
10.593 

6.880 
6.880 
6.880 

14.300 
14.398 
14.299 

26.730 
26.722 
26.726 

dcm. 

dcm. 


deg.  C. 

3 

16.094 

3.660 

3 

10.686 

3.536 

Sun    out  on  first 

reading  of  F.  S. 

4 

17.997 

3.205 

5 

15.561 

3.252 

Thread  dist. 
F.  S.  -  26.550 

B.  S.  -  26.547 

8.981 

3.224 

I  -  53.097 

6 

Ex.F.S.  =+0.06m. 

5.398 

3.164 

T.  B  M.  129 

12.631 

3.338 

22.8 

4.30  p.  M. 

Delayed    60  min. 

25.136 

3.181 

by  rain. 

113.384 

26.550 

Lake  St.  Clair,  Mich.,  by  D.  Molitor,  1899. 
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{Left-hand page.)  TABLE  No.  13. — Eevekse  Line 


July  5th,  1899. 


Back  Sights. 


Point. 

Rod 

No. 

Thi-e 

1 

ad  read] 

3 

ngs. 
3 

Mean. 

Til  read 
distance. 

Temp. 

Remarks. 

T.  B.  M.  139. 

1 
5 
1 

5 
1 
5 
1 
5 

dcm. 
2.3.514 
2.B..532 

23.518 

10.864 
10.864 
10.864 

3.754 
3.756 
3.755 

7.214 
7.220 
7.217 

14.218 
14.216 
14.217 

16.598 
16.590 
16.593 

8.988 
8.982 
8.985 

15.878 
15.876 
15.877 

dcm. 

25.108 
25.112 
25.110 

12.536 
12.536 
12.536 

5.338 
5.336 
5.337 

8.828 
8.834 
8.831 

15.846 
15.844 
15.845 

18.194 
18.192 
18.193 

10.746 
10.738 
10.742 

17.706 
17.702 
17.704 

dcm. 
26.694 
26.704 
26.699 

14.204 
14.202 
14.203 

6.916 
6.918 
6.917 

10.442 
10.450 
10.446 

17.470 
17.472 
17.471 

19.794 

19.790 
19.792 

12.504 
13.500 
13.502 

19.540 
19.534 
19.537 

dcm. 

dcm. 

deg.  C. 
22.2 

5.30  p.  M. 
Cloudy,  calm. 
Light  rain. 

25.109 

3.181 

Reading  good. 

T.  P.  1 

12.534 

3.339 

2 

5.336 

3.162 

3 

4 

8.831 

3.229 

F.  S.  =  +  158.269 

B.  S.  =  —  114.296 

+  43.973 

Res.Cor.+ 0.0003 

15.844 

3.254 

5 

R  =  +  43.9733 

Closing  error 

18.193 

3.199 

—  0.02  mm. 

6 

10.743 

3.517 

7 

17.706 

3.660 

114.296 

26.541 

*  Taken  from  precise  level  line  along 
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T.  B.   M.   128-T.  B.  M.  129.*  {Right-hand page.) 


Fore  Sights. 


Point. 

Rod 

No. 

Thread  readings. 

Mean. 

Thread 
distance. 

Temp. 

Remarks. 

1 

3 

3 

T.  P.  1 

5 
1 
5 
1 
5 
1 
5 
1 

dcm. 

17.488 
17.496 
17.492 

19.164 
19.164 
19.164 

21.064 
31 '.064 
21.064 

8.304 

8.370 
8.367 

17.938 
17.940 
17.939 

14.804 
14.800 
14.802 

20.. 388 
20.. 380 
20.384 

2.5.796 
25.790 
25.793 

dcm. 

19.073 
19.080 
19.076 

20.826 

20.828 
20.828 

22.688 
22.690 
22.689 

9.9.50 
9.954 
9.952 

19.522 
19.522 
19.522 

16.486 
16.480 
16.483 

22.100 
22.094 
23.097 

27.626 
27.622 
37.624 

dcm. 
20.654 
20.662 
20.658 

22.486 
22.486 
22.486 

24.304 
24.310 
24.307 

11.534 
11.536 
11.535 

21.106 
31.110 
21.108 

18.170 
18.164 
18.167 

23.814 
23.808 
23.811 

29.462 
29.460 
29.461 

dcm. 

dcm. 

deg.  C. 

19.075 

3.166 

2 

20.826 

3.322 

3 

23.687 

3.243 

4 

Thread  dtst. 

5 

9.951 

3.168 

F.  S.  =  26.528 
B.  S.  =  26.541 
I          =  53.069 

Ex.  F.S.=  0.26  m. 

19.523 

3.169 

6 

16.484 

3.365 

7 

22.097 

3.427 

T.  B.  M.  138. 

21.1 

27.626 

3.668 

6.80  p.  M. 

Cloudy,  calm. 

158.269 

26.528 

Lake  St.  Clair,  Mich.,  by  D.  Molitor,  1899. 
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[Left-hand  page.)  TABLE  No.  14. — Example  of  Peecise 

Grass  River  Crossing. 


Aug.  22d,  1898. 


Back  Sights. 


Point. 

Rod 

No. 

Thread  read 

1          a 

ings. 
3 

Mean. 

Thread 
distance. 

Temp. 

Remarks. 

T.  B.  M.  A. 

5 

Means. 
5 

Means. 

5 

Means. 
5 

Means. 

dcm. 

11.41 
11.42 
11.42 
11.42 
11.418 

11.415 

11.42 

11.43 

11.415 

11.420 

dcm. 

Instrui 

12.52 

12.53 

12.. 53 

12.53 

12.528 

Instrui 

12.535 

12.535 

12.54 

12.53 

12.535 

dcm. 
-nent  at 
13.64 
13.65 
13.65 
13.64 
13.645 

nent  at 
13.64 
13.65 
13.65 
13.645 
13.646 

Means.. 

dcm.    '     dcm. 
C,  1st  set. 

deg.  C. 
23.9 

Tel.  N.,  Bub.  D. 

"    I.,      "      D. 

"    L,      "      R. 

"    N.,     "      R. 

T.  B.  M.  A. 

12.530 
C,  2d  set 

2.227 

Same  positions  of 

Instr.    used   on 

all  sets. 

12.534 

2.226 

12.5.32 

2.226 

B.S.  =  +12.532 

F.  S.  =  —  11.294 

T.  B.  M.A. 

8.57 
8.63 
8.62 
8.56 
8.595 

8.57 
8.61 
8.62 
8.58 
8.595 

19.11 
19.18 
19.19 
19.13 
19.152 

Instrui 

19.14 

19.15 

19.17 

19.14 

19.150 

29.68 
29.75 
29.75 
29.69 

29.718 

nent  at 
29.69 
29.72 
29.73 
29.69 
29.708 

Means.. 
Total . . 

■ 

X>i      =  +    1.238 

T.  B.  M.A. 

19.155 
D,  2d  set 

21.123 

ig.isi 

21.113 

Di  and 
ex.  F. 

19.153 

21.118 
28.344 

Mean  of 
+  2.08  m. 

B.  S.  =  +  19.153 
F.S.  =—17.672 

Res.  C 

or.  for 

Z)^     =  +    1.481 

D^  =  +  1.3595 
S.    =  +  0.0013 

D    =  +1.3608 

*  Note. — Taken  from  precise  level  line  along  St. 

St. Lawrence      River 
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Level  Notes  fok  a  Eiver  Crossing.* 

Direct  Line 


Fore  Sights. 


Point. 

Rod 

No. 

Thre 

1 

-ad  read 

ings. 
3 

Mean. 

Thread 
distance. 

Temp, 
deg.  C. 

Remarks. 

T    B    M  B 

1 

Means. 
1 

Means. 

1 

Means. 
1 

Means. 

dcm. 

0.51 
0.58 
0.58 
0.49 
0.540 

0.51 
0.58 
0.58 
0.50 
0.542 

16.54 
16.545 
16.545 
16. .54 
16.542 

16.54 

16.555 

16.55 

16.54 

16.546 

dcm. 

11.27 
11.33 
11. :m 
11.28 
11.305 

11.28 
11.31 
11.30 
11.26 

11.288 

17.67 

17.675 

17.675 

17.67 

17.672 

17.67 

17.675 

17.68 

17.67 

17.674 

dcm. 

22.01 
22.09 
22.10 
22.00 
22.050 

22.00 
33.09 
32.08 
23.00 
33.042 

Means.. 

18.80 

18.803 

18.802 

18.80 

18.801 

18.80 

18.80 

18.802 

18.80 

18.800 

Means.. 
Total . . 

dcm. 

dcm. 

Weather      condi- 
tions   very    fa- 
vorable; cloudy, 

4  00  p  M 

T    B    M  B 

11.298 

21.510 

Ratio     of     tele- 

11.291 

21.500 

1:100.     Value   of 
level  tube  5"  per 
2  mm.      Instru- 
ment   otherwise 
as     above      de- 
scribed. 

T.  B.  M.  B 

11.294 

21.505 

T.  B    M  B 

17.673 

2.259 

23.5 

5  p.  M. 

17.673 

2.254 



Mean... 
Mean... 

Thread  Dist. 

17.672 

2.256 
33.761 

F.  S.  =  23.761 
B.  S.  =  23.344 

T.  D.  =  33.553 

ex.  F.S.=-f  0.208 
=  +  2.08  m. 

Lawrence  River,  by  David  Molitor,  in  1898. 
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{Left-hand  page.)  TABLE 

Grass   Elver  Crossing.* 


Aug.  32d,  1898. 


Back  Sights. 


Point. 

Rod 

No. 

Thre 

1 

ad  read 

3 

ings. 
3 

Mean. 

Thread 
distance. 

Temp. 

Remarks. 

T. 

B.  M.  B. 
B.  M.  B. 

B.  M.  B. 
B.  M.  B. 

1 

Means. 
1 

Means. 

1 

Means. 
1 

Means. 

dcm. 

16.34 

16.345 

16.345 

16.335 

16.341 

16.335 

16.34 

16.345 

16.34 

16.340 

0.75 
0.81 
0.81 
0.71 
0.770 

0.75 
0.83 
0.81 
0.73 
0.778 

dcm. 
InstruE 
17.47 

17.475 
17.475 
17.47 
17.473 

Instrui 

17.465 

17.475 

17.475 

17.465 

17.470 

Instrui 

11.50 

11.54 

11.55 

11.49 

11.520 

Instrui 

11.51 

11.56 

11.55 

11.49 

11.528 

dcm. 
dent  at  1 

18.598 

18.60 

18.00 

18.598 

18.599 

nent  at 
18.598 
18.60 
18.60 
18.598 
18.599 

Means.. 

nent  at ' 
22.23 
22.30 
22.31 

22  19 
221258 

nent  at 
23.25 
22.31 
22.30 
22.31 
23.268 

Means.. 
Total... 

dcm.        dcm. 
5,  1st  set. 

deg.  C. 
33.5 

Tel.  N.,  Bub.  D. 
"    I.,  •    "      D. 

"    I.,      "      R. 

"    N.,     "     R. 

T 

i7.47i 
D,  2d  set 

2.258 

Same  positions  of 

instr.    used    on 

all  sets. 

17.470 

3.359 

17.470 

2.258 

F.  S.  =  +  18.933 

7,  1st  set 

B.  S.  =  —  17.470 

T 

Ri  =  +    1.463 

T 

ii.sie 

C,  2d  set 

si. 488 

11.524 

21.490 

Bi  and 
m.    ex. 

11.520 

21.489 
23.747 

Mean  of 
for  —  2.01 

F.  S.  =  +  12.766 
B.  S.  =  —  11.520 

Re 

s.    Cor. 

2?2  =  +    1.246 

B„  =  +    1.3545 
F.  S'.  =  +    0.0013 

iJ  =  +    1.3558 

*  Note.— Taken  from  precise  level  line  along 
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No.  15.  [Ri<iht-hand  page.) 

Reverse  Line. 


Fore  Sights. 


Point 

Rod 

No. 

Thread  readings. 

Mean. 

Thread 
distance. 

Temp. 

1 

3 

3 

T   B.  M    A 

5 

Means. 
5 

Means. 

5 

Means. 
5 

Means. 

dcm. 

8.31 
8.41 
8.40 
8.35 
8.368 

8.33 

8.42 
8.40 
8.32 
8.368 

11.655 

11.66 

11.67 

11.655 

11.660 

11.66 

11.655 

11.655 

11.655 

11.656 

dcm. 

18.91 
18.95 
18.95 
18.91 
18.930 

18.92 
18.97 
18.95 
18.90 
18.935 

13.77 

12.77 

12.775 

12.77 

12.771 

13.77 

12.77 

12.77 

12.765 

13.769 

dcm. 

29.47 
39.52 
29.53 
29.47 
29.498 

29.48 
29.55 
29.52 
29.45 
29.500 

Means.. 

13.87 

13.875 

13.88 

13.87 

13.874 

13.87 

13.875 

13.875 

13.865 

13.871 

Means.. 
Total... 

dcm. 

dcm. 

deg.  C. 

Weather      condi- 

tions very  favor- 
able;        cloudy, 

T.  B.  M    A 

18.932 

21.130 

5  p.  M. 

Ratio     of      tele- 

18.934 

31.132 

23.0 

meter      threads 
1:100.    Value   of 
level  tube  5"  per 
2    mm.      Instru- 
ment   otherwise 
as      above     de- 
scribed. 

6  p.  M. 

T.  B.  M.  A. 

18.933 

31.131 



T.  B.  M.  A. 

12.768 

2.214 

12.765 

2.215 

Mean... 
Mean... 

12.766 

2.214 
23.345 

F.  S.  =  23.345 
B.  S.  -  23.747 

T.  D.  =  23.546 

ex.  F.  S.  =  —  0.201 

=  —  2.01  m. 

St.  Lawrence  River,  by  David  Molitor,  in  1898. 
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When  a  river  crossing  necessitates  a  very  long  sight,  it  is  not  ad- 
visable to  introduce  two  such  sights  for  the  purpose  of  equalizing  back 
and  fore  sights,  even  though  the  ground  would  permit  of  so  doing. 
The  corresponding  long  sight  over  the  ground  would  in  all  probability 
be  subject  to  different  refractive  influences  from  those  existing  over 
the  water  surface.  Hence,  the  difference  in  elevation  is  determined 
between  two  temporary  bench-marks  A  and  B  on  the  respective 
banks  of  the  river  in  such  a  manner  as  to  eliminate  all  errors  of 
inclination  in  the  line  of  sight.  This  is  done  as  follows  (see  also 
Pig.  16): 

Drive  stakes  G  and  D  so  that  A  JD  =  B  C  and  A  C  =  B  D.  This 
is  not  quite  true  in  the  example,  but  is  near  enough  for  the  purpose. 
The  direction  of  the  line  is  from  A  toward  B  and  the  distances  are  in 
meters. 

Set  up  the  instrument  over  C  and  read  back  sight  on  A  and  fore 
sight  on  B,  reading  as  many  pairs  of  sights  as  conditions  may  require. 
Then  shift  the  instrument  to  D  and  repeat  the  readings  on  A  and  B. 
The  mean  difference  of  elevation  from  the  two  instrument  settings 
eliminates  all  errors  when  A  B  =  B  C  and  A  C  =  B  B.  Otherwise,  a 
slight  correction  is  applied  for  the  resulting  mean  excess  of  foresight. 
The  same  work  with  sights  in  opposite  directions  will  constitute  the 
reverse  line. 

In  the  example  cited,  the  residual  correction  for  the  instrument 
■was  +  0.0635  mm.  per  meter  excess  of  fore  sights,  and,  applying  this 
to  the  several  single  lines,  gives  the  differences  of  elevation  from  A  to 
B  shown  in  Table  No.  16. 

TABLE  No.  16. 
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The  correction  for  collar  inequality,  found  by  tlie  commonly 
adopted  method  of  level  tube  and  telescope  reversals,  was  +  0.0235 
or  a  little  over  one-third  of  the  actual  existing  error,  which  is  properly 
accounted  for  by  the  residual  correction  above  applied.  This  also 
shows  a  very  close  agreement  of  the  four  values  found,  which  is  due 
to  careful  work  and  good  weather  conditions.  Wide  river  crossings 
should  never  be  made  except  diiring  cloudy  weather  or  at  sunrise  and 
sunset. 

Suvimary  of  Results  and  Index. 

Table  No.  17  gives  an  example  of  a  summary  of  results  intended  to 
occupy  the  last  double  jiage  of  each  notebook.  This  tabulation  gives 
a  very  comprehensive  statement  of  the  work  contained  in  the  book, 
and  furnishes  directly  the  data  required  in  the  comjailation  of  the  final 
results  and  computation  of  elevations. 

Results  and  Elevations. 

Table  No.  18  serves  to  illustrate  the  system  adopted  for  the  com- 
pilation of  results  and  computation  of  elevations  in  the  large  summary 
notebook  (7x9  ins.). 

Column  1  gives  the  niimber  or  name  of  the  bench-mark,  the  eleva- 
tion of  which  is  found.  P.  B.  M.  designates  a  permanent  bench  and 
T.  B.  M.  a  temporary  bench. 

Column  2  gives  the  bench-mark  from  which  the  bench-mark  in 
Column  1  was  determined. 

Column  3  gives  the  length  of  each  stretch  or  distance,  in  meters, 
between  consecutive  bench-marks  given  in  Columns  1  and  2. 

Column  4  gives  the  total  length  of  level  line,  in  kilometers,  from 
the  initial  point  to  the  bench-mark  in  Column  1. 

Column  5  gives  the  direction  in  which  the  stretch  was  run.  D 
designates  direct  line  or  leveled  in  a  direction  away  from  the  initial  or 
known  point,  and  R  designates  reverse  line,  or  leveled  toward  the 
initial  jjoint.  M  rejoresents  the  arithmetical  mean  of  the  accepted 
results. 

Column  6  gives  the  differences  of  elevation,  in  millimeters,  between 
two  successive  bench-marks,  as  found  by  the  direct  and  reverse  lines, 
also  the  arithmetical  mean  of  the  two  values.  The  -j-  sign  indicates 
that  the  bench  found  is  above  the  bench  from  which  it  was  deter- 
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{Left-hand page.)  TABLE  No.  17. — Example  of 

Stimmary 


I 


B.  M. 

No.  OF 
Settings. 

Excess  F.  S. 

Observed  Difp.  of 
Elev. 

Mean  thread 

Mean  length 

1 

distance. 

of  stretch. 

To 

From 

T> 

R. 

dcm. 

m. 

D. 

R. 

D. 

R. 

m. 

m. 

mm. 

mm. 

T.  126 

T.  125 

8 

9 

43.926 

888.7 

+0.32 

+0.44 

—1190.3 

-1187.4t 

126 

125 
126 

9 

8 
9 

43.898 
52.784 

887.6 
1066.5 

"+6;i8 

+0.14 
+0.46 

—1188.8 

127 

—2547.2 

-2547.1 

128 

127 

6 

7 

37.346 

754.7 

+0.02 

+0.30 

—  548.3 

—  547.3 

129 

128 

8 

8 

53.083 

iori.3 

+0.06 

—0.26 

+4397.3 

+4397.3 

130 

129 

11 

11 

70.256 

1418.3 

+0.02 

+1.90 

—2258.7 

—2258.9 

P.    34 

130 

7 

' 

32.356 

655.5 

+0.24 

—0.02 

+1661.8 

+1663.8 
t  rejected. 

♦Note. — The  final  correction  applied  to  all  differences  of  elevation  is  +  0.063  mm. 
excess  of  F.  S.  on  reverse  lines,  taking  account  of  the  sign  of  thediffer- 
The  temperature  is  recorded  in  degrees  Centigrade. 

The  allowable  error  of  closure  for  each  stretch  is  e  =  3  \/  L,  where  L  is  the 
T  =  temporary  bench-mark  :  P  ~  permanent  bench-mark;  p.  =  afternoon  ; 
The  above  example  is  taken  from  the  notes  of  the  precise  level  line  along 


mined  on  the  direct  line,  calling  back  sights  positive  and  fore  sights 
negative.  These  signs  are  reversed  on  reverse  lines,  thus  giving  the 
same  sign  to  the  difference  of  elevation  as  found  on  the  direct  line. 
The  mean  of  accepted  values  is  used  in  computing  elevations  above 
datum. 

Column  7  gives  the  residual  error  from  the  mean  difference  of 
elevation  for  each  stretch. 

Columns  8  and  9  give  the  algebraic  summations  of  these  residuals, 
and  show  the  total  discrepancy  of  each  line  from  the  mean,  for  the 
entire  line  from  the  initial  point. 

Column  10  gives  the  probable  error  in  the  mean  difference  of  eleva- 


2  V^ 

tion  for  each  stretch  as  found  from  the  formula  rt  r  =  0.674      — -. :— 

N^  in[m  —  1) 

where  F=  the  residual  from  the  mean  for  each  observation,  and  m  = 
the  number  of  observations.  For  a  single  pair  of  observations  this 
formula  reduces  to  i  r  =  0.674  V  (see  Table  No.  25  in  the  Appen- 
dix). 

Column  11  gives  the  jDrobable  error  r„  in  the  elevation  of  the  point, 
as  found  from  the  initial  point,  and  is  rt  r^  ^  -y/  2  r'^.     This  formula 
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of  Results. 


Corrected  Difp. 
OF  Elev. 

Closing 
Error. 

Direction 
of  line. 

d 

3 
U 

O 

6 

Time  of  Day. 

M. 
Temp. 

Page. 

D. 

R. 
mm. 

Is 

2.85 
1.47 
0.06 
0.99 
0.02 
0.32 
1.98 

2.83 
2.83 
3.08 
2.59 
3.08 
3.56 
2.42 

D. 

R. 

D. 

R. 

32.2 
21.1 

17.8 
18.9 
21.7 
30.0 
21.1 

D. 
32 

'so* 

33 
36 
38 
42 

R. 

mm. 

From 

To 

From 

To 

—1190.28 

-1187. 43t 
—1188.81 
—2547.13 
—  547.31 
+4397.32 
—2259.02 
f 1663. 80 
trejected 

N.  75°  E. 
N. 75°  E. 
N.  80°  E. 
N.  70°  E. 
N. 45°  E. 

E. 

E. 

1 
2 

5.15  P. 

6.30  P. 

4.00  p. 
6.00  a. 
4.45  a. 
4.30  p. 
5.30  p. 
5.00  a. 
6.15  P. 

5.15  P. 
7.15  a. 
6.15  a. 
5.30  P. 
6.30  p. 
8.00  a. 
7.15P. 

30.0 

n.\ 

31.1 
23.3 
20.0 
23.3 

31 
35 

—2547.19 
—  548.30 
+4397.30 
—2258.70 
+1661 .83 

6.15  a. 
7.00  P. 
3.00  P. 
7.00  P. 
5.00  P. 

7.45  a. 
7.45  p. 

5.00  p. 
7.15  a. 
6.15  p. 

29 
34 
37 
40 
43 

per  meter  excess  of  F.  S.  for  a  positive  difference  of  elevation,  or 
ence  of  elevation  as  given  for  the  direct  line. 

length  of  the  single  stretch  in  kilometers  and  e  is  in  millimeters. 
A  =  forenoon;  D  =  direct  line;  and  R  =  reverse  line. 
Lake  St.  Clair,  Mich.,  by  David  Molitor,  1899. 


■  0.063  mm.  per  meter 


is  applicable  only  when  all  stretches  are  of  equal  length,  though  it  is 
generally  used  without  regard  to  the  actual  weights  resulting  from 
unequal  lengths. 

Column  12  gives  the  mean  atmospheric  temperature  while  leveling 
each  stretch. 

Column  13  should  give  the  correction  to  rod  length  to  reduce  the 
latter  to  standard  length  and  temperature.  The  law  was  not  yet 
determined  for  the  rods  used. 

Columns  14  and  15  give  the  elevations  in  meters  and  feet,  respect- 
ively, above  mean  sea  level.  The  history  and  authority  for  the 
determination  of  the  initial  bench-mark  should  follow  here. 

7.  Rules  to  be  Observed  on  Precise  Level  Work. 

The  following  axiomatic  principles  are  the  result  of  careful  study 
and  observation,  and  may  serve  as  a  guide  in  answering  many  of  the 
questions  confronting  the  beginner: 

1.  Little  or  no  reliance  should  be  placed  on  an  instrument,  though 
it  be  of  the  most  superior  quality.  If  good  results  are  sought  they 
may  be  achieved  only  by  constant  vigilance  and  alertness,  combined 
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witli  most  painstaking  exertions  on  tlie  part  of  the  observer,  as  well  as 
of  every  member  of  the  party. 

2.  A  line  of  levels  is  no  better  than  the  poorest  portion  thereof. 
Hence  the  importance  of  maintaining  the  same  high  standards  of  accu- 
racy on  every  single  rod  reading.  A  slip  in  one  place  can  never  be 
made  good  even  by  the  most  careful  work  done  thereafter. 

3.  The  shortest  line  between  two  terminals  is  always  the  best  line, 
provided  no  unnecessary  climbs  are  encountered  thereby.  However, 
it  is  not  advisable  to  jjursue  a  roundabout  route  merely  to  avoid  a 
slight  rise  or  de^jression.  In  making  a  steep  descent  or  ascent  it  is 
most  advisable  to  adopt  the  shortest  route  perpendicular  to  the 
contours,  utilizing  full  rod  lengths  with  minimum  lengths  of  shots. 
An  extra  setting  costs  less  delay  than  to  attempt  to  place  rods  for 
proper  height. 

4.  Fore  and  back  sights  should  always  be  equal,  independent  of  the 
nature  of  the  ground  leveled  over.  That  is,  they  should  be  made  so 
nearly  equal  as  not  to  require  refocusing  between  reading  fore  and 
back  sights.  Any  disturbance  of  the  focusing  mechanism  would 
destroy  the  relative  accuracy  of  readings  taken  before  and  after  such 
disturbance.  On  short  sights,  the  permissible  inequality  is  very 
small  and  may  frequently  require  resetting  the  forward  rod.  On  sights 
of  50  to  100  m.  such  inequality  may  range  from  2  to  3  m.,  but  this 
should  not  be  allowed  to  accumulate.  The  sums  of  sights  for  an 
entire  stretch  should  be  made  exactly  equal  by  projierly  setting  the 
instrument  on  the  last  station. 

5.  The  limiting  length  of  sight  for  any  given  instrument  and  any 
atmospheric  conditions  is  one  for  which  repeated  back  and  fore  sight 
readings,  taken  on  two  fixed  points  equidistant  from  the  instrument, 
shall  give  equal  values  for  the  difference  of  elevation  between  these 
points  within  the  attainable  limits  of  accuracy  of  rod  estimations. 
Ordinarily,  good  conditions  will  permit  of  taking  sights  of  50  to 
70  m.,  using  a  1  to  3-second  (per  2-mm.  division)  level.  Very  good 
conditions  will  permit  of  reading  at  90  m.  and  exceptionally  at  100  m. 
Fair  progress  can  be  made  when  only  30-m.  sights  are  possible,  pro- 
vided the  weather  is  not  too  warm,  and  this  limit  is  solely  the  result  of 
atmospheric  vibrations.  Sights  exceeding  100  m.  should  not  be  taken 
unless  extraordinary  precautions  are  used,  such  as  indicated  for  a  river 
crossing. 
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6.  The  length  of  the  bubble  should  be  retained  practically  constant 
and  should  be  a  little  over  half  as  long  as  the  graduation. 

7.  Extreme  quiet  should  prevail  about  the  instrument  when  work 
is  in  progress.  The  observer  calls  his  readings  in  quick  succession 
and  the  recorder  should  not  repeat  them  back  but  should  test  their 
correctness  by  careful  inspection.  This  is  contrary  to  general  prac- 
tice, but,  in  this  particular  case,  it  will  be  found  highly  commendable. 

8.  The  observer  shoiild  make  it  a  practice  not  to  remember  any 
readings  after  he  has  called  them  off,  as  otherwise  his  memory  wall 
frequently  deceive  him  by  causing  him  to  call  something  that  he  has  in 
mind  in  place  of  the  real  readings  which  he  sees.  As  in  all  scientific 
woi'k,  results  should  be  fact  and  not  fiction,  and  the  observer's  sole  aim 
should  be  directed  toward  obtaining  impartial  and  truthful  results, 
whether  these  be  pleasing  or  otherwise.  The  observer  must  feel  abso- 
lutely satisfied  with  every  reading  taken,  and  when  this  is  not  the 
case,  readings  must  be  repeated  until  such  satisfaction  is  realized,  even 
though  the  notes  necessitate  changes  or  alterations.  A  faihire  to  attain 
perfectly  trastworthy  readings  is  always  a  good  cause  for  the  rejection 
of  such  work  when  reasons  therefor  are  given  in  the  remarks. 

9.  The  strict  requirement,  frequently  imposed,  regarding  the  for- 
biddance  to  erase,  alter  or  obliterate  figures  in  notes,  is  not  consid- 
ered a  safeguard  against  fraudulent  perpetrations  on  the  part  of  an 
observer.  Should  he  have  such  intention  he  can  easily  accomplish  his 
purpose  and  still  comply  with  all  requirements  of  this  kind.  If  the 
employer  is  not  willing  to  accept  the  final  results  of  his  employee,  then 
the  latter  is  not  a  suitable  person  to  entrust  wnth  precise  leveling 
operations. 

8.  Advantages  of  the  Method  Advocated. 
The  most  reliable  results  in  precise  leveling  are  undoubtedly  to  be 
obtained  by  careful  and  systematic  observations  designed  to  prevent 
and  eliminate  errors  directly  in  the  observations,  avoiding,  as  far  as 
possible,  all  more  or  less  sj^eeulative  mathematical  manipiilations  in- 
tended to  correct  and  distribute  errors  inherent  in  ordinary  work  and 
imperfect  methods.  The  labor  spent  in  compviting  and  ajjplying  cor- 
rections as  practiced  in  the  jaast,  when  applied  to  direct  elimination 
of  errors  in  the  field,  will  yield  the  highest  attainable  acciaracy  in  the 
results,  without  necessarily  increasing  the  cost  of  the  work.  This  is 
the  fundamental  idea  in  the  method  described  and  illustrated. 
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Furthermore,  tlie  readings  are  so  taken  and  recorded  that,  by  care- 
ful inspection,  the  recorder  can  always  see  whether  there  has  been  an 
error  in  reading  or  recording.  Should  any  disparity  exist,  or  any 
irregularity  from  atmospheric  influences  be  noticeable,  the  readings 
can  be  repeated  until  a  rational  set  is  obtained.  This  is  the  secret  to 
the  success  of  this  method. 

The  only  disturbing  element  which  cannot  be  detected  in  the  read- 
ings, even  thotigh  it  may  be  acting,  is  the  warping  of  the  telescope 
caused  by  direct  and  radiated  heat  in  warm  weather.  This  error  may, 
however,  be  detected  by  closing  each  stretch  in  the  same  half  of  the 
day,  and  it  may  be  almost  entirely  eliminated  by  closing  an  equal 
number  of  stretches  forenoons  and  afternoons. 

The  office  reduction  consists  merely  of  compiling  results  and  com- 
puting elevations,  and  no  corrections  of  any  kind  are  necessary  save 
those  already  ajiplied  in  the  field  reduction  and  checked  in  the  field. 

While  the  ultimate  attainable  accuracy  in  precise  leveling  depends 
directly  on  the  number  of  levelings  or  duplications  of  work,  it  is  not 
deemed  necessary,  from  a  utilitarian  standpoint,  to  run  more  than  two 
lines,  one  direct  and  the  other  reverse,  thus  forming  a  loop.  To  go 
beyond  this  would  result  in  merely  a  slight  increase  in  accuracy  at  a 
very  considerable  increase  in  cost  over  that  for  a  double  line.  Thus, 
three  single  lines  would  yield  a  theoretical  accuracy  of  1.4  times 
that  obtained  from  two  lines,  at  50%  increase  in  cost,  and  four  lines 
would  give  an  acciiracy  of  1.7  times  that  from  two  lines,  at  100%" 
increase  in  cost. 

Hence,  conceding  the  necessity  for  riinning  duplicate  lines,  it  does 
not  appear  jjracticable  to  seek  greater  accuracy  by  duplicating  lines 
more  than  twice,  and,  whatever  process  of  leveling  is  used,  it  should 
be  designed  with  a  view  of  producing  the  highest  accuracy  in  the 
results  for  a  single  pair  of  lines.  This  claim  attaches  to  the  method 
above  described. 

AccuEACY  OF  Precise  Level  Wobk. 
1.  The  Actual  Error  of  Closure. 

The  various  sources  of  error  have  been  treated  at  considerable 
length  in  a  previoiis  part  of  this  jjaper.  The  residual  or  resultant 
error  of  a  loop  of  levels  formed  by  a  pair  of  lines  (direct  and  reverse) 
will  now  be  discussed. 
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TABLE  No.  19. — ^Ekroks  in  Lines  Eun  Dikect      ■ 


Direct  Line. 


Back  sight. 

Fore  sight. 

DifE. 
Elevat. 

Remarks. 

Point. 

M.Read. 

Th.dist. 

Point. 

M.Read. 

Th.dist. 

T.  B.M. 

128 

dcm. 
1  26.007 

dcm. 
3.664 

T.  P.  1 

dcm. 
16.094 

dcm. 
3.660 

mm. 
+  991.3 

Cloudy;  fresh  wind;   reading 

good. 
Cool,  puffy  wind. 
Sun  out  on  first  set  of  F.  S. 
Sun  shining;  brisk  wind. 
Cloudy. 

Cloudy;  wind  abating. 
Delayed  1  hr.  by  rain. 

T.  P.  1 

2 
3 
4 
5 
6 

22.051 
16.286 
19.246 
10.100 
22.646 
20.919 

3.429 
3.363 
3.193 
3.165 
3.245 
3.319 

2 
3 
4 
5 
6 
7 

10.686 
17.997 
15.561 
8.981 
5.298 
12.631 

3.. 526 
3.205 
3.252 
3.224 
3.164 
3.338 

+1136.5 
—  171.1 

-1-  368.5 
-1-  111.9 

-1-I7:i4.8 
+  828.8 

7 

19.102 

3.169 

T.  B.  M. 

129 

[25.136 

3.181 

—  603.4 

Cloudy;  light  wind. 

Totals.. 

156.357 

26.547 

112.384 

26.550 

+4397.3 

T.  B.M. 

129 
T.fp.  1 

1  21.806 
16.640 

3.448 
3.409 

T.  P.  1 

2 

16.216 
17.555 

3.494 
3.567 

+  559.0 
—    91.5 

Cloudy;    light  wind;    reading 
very  good. 

2 

16.838 

3.323 

3 

15.458 

3.317 

+  138.0 

" 

3 

13.355 

3.213 

4 

17.356 

3.014 

—  400.1 

" 

4 

16.038 

3.038 

5 

20.713 

3.068 

-  467.5 

" 

5 

9.652 

3.120 

6 

20.521 

3.207 

—1086.9 

Cloudy;  calm;  reading  good. 

6 

15.042 

3.239 

7 

21.216 

3.205 

—  617.4 

" 

7 

15.419 

3.149 

8 

16.151 

3.043 

—    73.2 

Cloudy;  light  wind. 

8 

11.213 

3.164 

9 

14.839 

3.155 

—  362.6 

" 

9 

14.487 

3.251 

10 

12.716 

3.228 

+  177.1 

Partly  cloudy;  light  wind. 

10 

14.578 

2.761 

T.  B.  M. 

130. 

'•14.914 

2.818 

—    33.6 

Sun  shinmg. 

Totals.. 

165.068 

35.115 

187.655 

35.116 

-2258.7 

Note.— Value  of  level  tube,  2.23"  per  2-mm.  graduation;  magnifying  power  of  telescope 
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Reverse  Line. 


Back  sight. 

Fore  sight. 

Diff. 
Elevat. 

Remarks. 

Error. 

I>-R. 

Point. 

M.Read. 

Th.dist. 

Point. 

M.Read. 

Th.dist. 

dcm. 

dcm. 

dcm. 

dcm. 

mm. 

mm. 

T.  P.  7 

17.706 

3.660 

T.  B.  M. 

128 

1  37.626 

3.668 

+  992.0 

Cloudy;    calm;    Ught 
rain. 

-0.7 

6 

10.743 

3.517 

T.P.  7 

22.097 

3.427 

+1135.4 

"           "           " 

+1.1 

5 

18.193 

3.199 

6 

16.484 

3.. 365 

—  170.9 

"           "           " 

-0.2 

4 

15.844 

3.254 

5 

19.523 

3.169 

+  367.9 

"           "           " 

+0.6 

3 

8.8;« 

3.229 

4 

9.951 

3.168 

-f   113.0 

"           "           " 

-0.1 

2 

5.336 

3.162 

3 

32.687 

3.243 

+1735.1 

"           "           " 

-0.3 

1 

12.534 

3.339 

3 

30.826 

3.323 

4-  839.3 

—0.4 

T.  B.  M. 

129 

J  25.109 

3.181 

1 

19.075 

3.166 

—  603.4 

Prob.error  ±  0.32  mm. 

0.0 

Totals.. 

114.296 

26.541 

158.269 

36.538 

+4397.3 

0.0 

T.P.  10 

16.062 

3.480 

T.  B.  M. 

139 

1  21.655 

3.473 

+  5.59.3 

Partly  cloudy;   read- 
ing good. 

—0.3 

9 

17.441 

3.359 

T.P.  10 

16.524 

3.409 

—    91.7 

Partly  cloudy;  read- 
ing good. 

-fO.2 

8 

15.083 

3.. 318 

9 

16.462 

3.330 

+  137.9 

Partly  cloudy;   read- 
ing good. 

+0.1 

7 

17.036 

3.017 

8 

13.039 

3.211 

—  399.7 

Partly   cloudy;  read- 

-0.4 

ing  good. 

6 

20.277 

3.071 

7 

15.603 

3.050 

—  467.5 

Clear;      light     wind; 

0.0 

reading  good. 

5 

20.345 

3.207 

6 

9.373 

S.122 

—1087.2 

Clear;     fresh     wind; 

+0.3 

reading  good. 

4 

20.936 

3.202 

5 

14.761 

3.336 

—  617.5 

Clear:      fresh     wind; 

+0.1 

reading  good. 

3 

15.889 

3.053 

4 

15.157 

3.150 

—    73.3 

Clear;      light     wind; 

0.0 

reading  good. 

2 

14.683 

3.159 

3 

11.057 

3.105 

—  362.6 

Clear;      light     wind; 

0.0 

reading  good. 

1 

12.506 

3.217 

2 

14.277 

3.352 

+  177.1 

Partly  cloudy;  read- 

0.0 

ing  good. 

T.B.  M. 
130 

1  14.942 

2.800 

1 

14.604 

2.791 

-    33.8 

Clear;  reading  good. 
Prob.  error  ±  0.32. 

+0.2 

Totals.. 

185.100 

35.093 

162.511 

35.188 

-2258.9 

+0.2 

50  diameters;  smallest  graduation  on  rods,  1  cm.  Lake  St.  Clair  Levels,  1899. 
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A  very  prevalent  idea  among  men  of  exjaerience  in  leveling  is  that 
the  resultant  error  of  closure  of  a  stretch  of  levels  is  essentially  acci- 
dental, being  made  up  of  errors  of  estimation  and  pointing,  and 
atmospheric  disttirbances,  all  of  which  are  considered  of  a  compensat- 
ing nature.  Heaving  or  settling  of  rods  or  instrument  have  been 
cited  as  explanations  for  errors  of  a  constant  nature.  Cumulative 
errors  have  also  been  attributed  to  the  personal  equation  of  the 
observer. 

According  to  the  writer's  experience,  however,  the  important 
cumulative  error  is  that  produced  by  the  warping  effect  of  the  sun's 
direct  and  reflected  heat  rays  on  the  telescope  (see  experiments  in 
Table  No.  6).  All  other  errors  are  generally  of  a  compeiisating 
nature  when  good  instruments  are  used.  Errors  due  to  heaving  or 
settling,  when  they  reach  a  measurable  magnitude,  are  the  result 
of  carelessness,  improper  instrumental  equipment  or  very  unsuitable 
ground. 

To  illustrate  more  conclusively  the  views  here  expressed,  the  level- 
ings  in  Table  No.  19  are  given,  in  which  two  stretches  were  leveled 
over  fixed  turning  points  by  the  method  described.  The  individual 
thread  readings  are  omitted  for  the  sake  of  brevity,  and  only  the 
mean  pointings  are  given.  The  settings  of  the  reverse  lines  are  given 
in  the  order  taken  on  the  direct  lines,  thus  offering  a  more  ready 
comparison. 

The  weather  conditions  on  the  direct  line  128-129  were  good,^ 
though  somewhat  changeable,  while  on  the  reverse  line  the  condi- 
tions were  uniformly  good.  This  fact,  as  explained  by  the  remarks^ 
clearly  shows  the  effect  of  atmospheric  changes  on  the  level  error. 
While  the  error  was  entirely  compensated  in  the  eight  instrument 
settings,  yet  the  difference  of  elevation  between  T.  P.  1  and  T.  P.  2 
found  on  the  direct  line  is  1.1mm.  larger  than  that  found  on  the 
reverse  line. 

On  the  stretch  129-130,  the  weather  conditions  were  quite  uniform, 
and  the  partial  errors,  as  also  the  residual  closing  error,  are  all  very 
small,  showing  that  the  small  final  closure  is  not  an  accidental  balance  of 
large  errors,  but  the  result  of  accurate  pointings  and  close  rod  estima- 
tions, without  atmospheric  dis,turbances.  This  stretch,  or  any  por- 
tion thereof,  closes  within  the  assigned  limits  of  permissible  error  for 
work  of  the  highest  grade. 
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Other  data  relating  to  these  two  lines  are  given  in  the  example  of 
index  page  for  field  notebooks,  Table  No.  17. 

The  errors  in  the  two  lines  128-129  and  129-130  are  entirely  of  a 
compensating  nature.  However,  to  give  an  idea  of  the  efiect  of  tem- 
perature and  atmospheric  changes  producing  c^^mulative  errors,  a  few 
other  readings  are  given  in  Table  No.  20,  which  were  taken  on  the  last 
T.  P.  10  and  T.  B.  M.  130,  when  the  sun  was  higher,  but  good  readings 
still  possible. 

TABLE  No.  20. 


DiflEerence  of  elevation,  T.  P.  10  to 

Time,  July  6th, 

1899. 

T.  B.  M.  130. 

Temp. 

mm. 

deg.  C. 

7.15  a.  m. 

-33.6* 

18.3 

7.25  A.  M. 

—32.7 

19.4 

7.30  a.  m. 

-32.2 

20.5 

8.00  A.  M. 

—32.3 

21.1 

4.45  p.  M. 

—33.8* 

26.7 

*  Accepted. 

Such  w'ide  differences  from  the  values  known  to  be  good  cannot 
escape  detection,  and,  when  temperature  conditions  are  such  as  to  pro- 
duce a  marked  inclination  in  the  line  of  sight,  the  error  will  always 
show  as  a  cumulative  effect,  provided  a  stretch  is  closed  during  the 
same  half  of  the  day. 

Many  other  examples  of  this  kind  might  be  cited  to  locate  the 
causes  of  cumulative  errors  in  temperature  effects  rather  than  to  in- 
dulge in  a  si^eculative  mathematical  elaboration  intended  to  show  ef- 
fect of  rod  supports  or  personal  errors  which  may  or  may  not  be 
founded  on  facts. 

L.  L.  Wheeler,  M.  Am.  Soc.  C.  E.,  United  States  Assistant  Engi- 
neer, in  discussing  the  cumulative  errors  of  precise  level  work  don& 
under  the  Mississippi  Kiver  Commission,*  attributes  these  errors  al- 
most wholly  to  personal  errors  of  the  observers,  and  even  derives  the 
personal  equations  of  the  various  observers  engaged  on  this  work. 
These  cumulative  errors  more  probably  re^jresent  the  susceptibility  to 
temperature  effects  of  the  various  instruments  used.  This  presump- 
tion seems  the  more  justifiable  because  a  large  portion  of  the  work 
was  done  during  very  warm  weather  and  generally  in  a  north  and  south 
direction. 

♦Annual  report  of  Miss.  Riv.  Com.,  1883,  p.  141  et  seq. 


888 


MOLITOR   ON   PRECISE    SPIRIT   LEVELING. 


[Papers. 


A  very  fair  idea  of  the  accuracy  generally  attained  on  precise  level 
work  in  the  United  States,  and  which  has  not  been  excelled  by  other 
countries,  is  given  in  Table  No.  21. 


TABLE  No.  21. — ^Accukacy    of   PEiNciPAii   Pkeoise   Level  Wokk   in 
THE  United  States. 


o 

6 

a 

"^ 

■^  0) 

Name  of  Line. 

Observer. 

Time  of  work. 

.2  a; 

«3 

^ 
jd 

2« 

.  o 

tj 

^ 

x>^ 

ft 

k1 

2"^ 

Work  by  the  United  States  CpAST  and  Geodetic  Survey. 
St.   Louis,    Mo.,    to     New  I 

Haven,  Mo A.  Braid 

Mobile,  Ala.,  to    Okolona,!j.  B.  Weir  and  J.  E. 


Miss 
Villa  Ridge,  Ky.,  to  Odin, 

111 

New  Haven  to   Jefferson 

Citv,  Mo 

Greenfield,  Tenn.,  to  ViUa 

Ridge,  Ky 


McGrath. 


J.  B.  Weir 

G.  Bradford    and    I. 

Winston 

I.  Winston  and  P.  A. 

Welker 


Okolona,  Miss.,  to  Green-ll.  Winston  and  F.  A. 


field,  Tenn 

Jefferson  City,  Mo.,toHol- 
liday,  Kan 

Corinth,  Miss.,  to  Memphis, 
Tenn 

Old  Point  Comfort— Rich- 
mond, Va I.Winston. 

HoUiday— Salina,  Kan |l.  Winston. 


Young 

I.  Winston  and  F.  A. 

Young 


I.  Winston. 


Oct.  to  Dec.  -SS. 
1884-1886. 

Apr.-Jun.  '85. 

Apr.-Jun.  '88. 
Oct.  '88-Jan.  '89. 
Oct.  '89-Mar.  '90. 

Apr.-Oct.  '91. 

Nov.  '90-Jan.  91. 

Dec.  '91-Feb.  '92. 
Jul.-Oct.  '95. 


W. 

N. 

N. 

W. 

N. 

N. 

N.  W. 

W. 

N.  W. 
W. 


Keokuk 
111.... 
Grafton— Cairo,  111. . . 


Work  by  the  Engineer  Department,  United  States  Army. 
Iowa — Grafton.l  J.  B.  Johnson  and  Q. 

W.  Ferguson May- Aug.  '81. 

J.  B.  Johnson  and  O 

W.  Ferguson Aug.  '80— Mar.  "81. 

Johnson,    Ferguson, 

Paige Early  1883. 


La. — Biloxi, 


Carrollton, 
Miss 

Keokuk,  Iowa — Pulton,  111.  [J.  B.  Johnson  and  O 
W^.  Ferguson 

Fulton,  111.— Chicago,  111.. 

St.    Paul,     Minn. — Savan- 
nah, 111 

St.     Joseph,    Mo.— Mouth  O-  W.  Ferguson  and 


O.  W.  Ferguson. 


Missouri  River 

Corinth,  Miss.— Decatur, 
Ala 

Birmingham,  Ala. — Merid- 
ian, Miss 

*  Gibraltar  —  Grossepoint, 
N.  Baltimore  — Pt.  Huron 

Grossepoint— New  Balti- 
more. Mich 

*  St.  Regis— Oak  Point,  St. 
Lawrence  River 

*Oak  Point— Tibbetts  Pt., 
St.  Lawrence  River 


A.  L.  Johnson 
O.  W.  Ferguson  and 
F.  B.  Williamson... 

O.  W.  Ferguson 


David  MoUtor.. 


Sept.-Nov.  '82. 
May- Aug.  '83. 

May-Oct.  '91. 

Mar. -Nov.  '92. 

Apr.-Jul.  '95. 


Sept.21-Dec.  15,  "98. 

June,  1899. 
Aug.  10-Nov.  1,  '98. 
Nov.  1,  '98-Jun.  '99. 


km.  I  mm. 
116.2±0.83 

423.5±0.83 

176.0l±0.91 


84.4 

128.1 

265.4 

286.7 

151.4 

140.5 
275.9 


S.  E. 

242 

S.  E. 

346 

N.  E. 

140 

N.  E. 
N.  E. 

267 
261 

S.  E. 

484.7 

S.  S.  E. 

622.5 

S.  S.  E. 

173 

s.  w. 

N. 

117.6 

N. 

\    43.6 
1    41.0 

s.  w. 

109.2 

s.  w. 

88 

±0.98 
±1.02 
±0.93 

±1.47 

±1.05 

±1.80 
±0.85 

±0.74 

±1.18 

dtO.67 

±0.67 
±0.84 

±0.63 

±0.58 

±0.62 

±0.55 

±0.48 

±0.48 
±0.33 

±0.61 
±0.48 


*  This  work  was  done  under  the  United  States  Board  of  Engineers  on  Deep  Water- 
ways. 
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2.  The  Probable  Error. 

Having  briefly  discussed  the  actual  error  of  closure  found  between 
a  pair  of  direct  and  reverse  level  lines,  it  is  intended  here  to  illustrate 
the  extent  to  which  the  theory  of  error  is  apiDlicable  to  the  subject  of 
leveling. 

The  formulas  for  mean  and  probable  errors  are  applied  to  precise 
level  work  more  particularly  to  give  a  standard  of  comparison 
between  different  lines  and  observers.  They  are  also  used  to  furnish 
a  criterion  as  to  the  accuracy  of  the  ultimate  result  of  a  line  of 
levels. 

In  reality,  however,  these  formulas  serve  the  purpose  intended  in 
a  very  imperfect  manner,  being,  as  they  are,  only  applicable  to  repeated 
observations  of  the  same  function,  taken  under  similar  conditions, 
and  assuming  the  errors  of  observation  to  be  strictly  of  a  compensat- 
ing nature.  It  is  useless  to  add  here  that  the  errors  of  leveling,  and 
the  prevalent  conditions  producing  them,  do  not  morally  justify  the 
application  of  the  theory  of  error  to  leveling.  There  is  only  one 
excuse  for  such  application,  and  that  is  for  want  of  something  better. 

The  theory  of  error  is  ajjplicable  to  observations  taken  under  the 
same  conditions,  so  that  the  error  of  a  single  observation  is  as  likely 
to  be  plus  as  minus.  Also,  when  comparing  groups  of  observations, 
each  grouji  must  contain  the  same  number  of  observations,  and  all  must 
be  taken  under  similar  circumstances. 

In  leveling,  the  j^rincipal  errors  are  due  to  variable  conditions 
which  in  no  way  obey  natural  laws  of  a  constant  character.  Also,  the 
number  of  observations  forming  a  group  (rod  readings  in  a  stretch) 
differs  very  widely,  thus  giving  each  group  a  certain  weight  in  the 
determination  of  the  residual  error. 

Hence,  the  essential  requirements  necessary  to  render  the  theory  of 
error  applicable  are  entirely  wanting  in  level  observations. 

In  a  general  way,  however,  the  errors  of  leveling,  resulting  from  the 
above-described  system,  are  more  inclined  to  be  compensating  than 
cumulative, and  a  computation  of  probable  error,  while  not  truly 
reliable,  would  nevertheless  constitute  a  fair  measure  of  the  average 
accuracy  of  a  piece  of  work. 

In  comparing  the  accuracy  of  different  lines  of  levels,  it  is,  of 
course,  necessary  to  consider  the  number  of  instrument  settings  per 
kilometer   of  line  as  well  as  the  leng-ths  of  stretches,  because  each 
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stretch  constitutes  a  group  of  observations  for  which  only  the  algebraic 
sum  of  the  errors  is  known  and  each  of  the  quantities  in  the  group  is 
observed  but  twice. 

It  is  necessary,  therefore,  that  the  stretches  be  all  of  the  same 
length  and  leveled  over  with  a  constant  length  of  shot,  all  of  which  is 
impracticable  and  almost  impossible. 

Generally,  the  length  of  a  stretch  is  determined  by  the  amount  of 
labor  or  number  of  settings  necessary  in  covering  a  certain  line,  and 
would  imply  about  10  to  12  instrument  settings,  covering  from  100  to 
1  200  m.  The  length  of  shot  is  chosen  to  fit  the  ground  and  atmos- 
pheric conditions  for  reading,  and  may  vary  between  6  and  100  m. 
It  would  be  practically  imj^ossible  to  assign  weights  to  groups  of  ob- 
servations in  which  such  widely  different  factors  constantly  enter. 

As  an  illustration,  the  probable  error  is  computed  for  the  stretch 
T.  B.  M.  128  to  T.  B.  M.  129,  Table  No.  19,  in  which  the  errors  on  the 
individual  turning  points  were  determined  (see  Table  No.  22). 

This  stretch  of  1071.6  m.  length,  leveled  direct  and  reverse  over 
seven  permanent  turning  points,  with  eight  instrument  settings  each, 
closed  with  a  final  error  of  0.00  mm.,  and  in  the  computation  of  Table 
No.  18,  with  a  closure  of  zb  0.01  mm.  as  a  result  of  the  correction  for 
excess  of  fore  sights.  In  the  computation  of  Table  No.  22  the  probable 
error  is  found  to  be  ±  0.517  mm.,  while  for  the  final  closure  of  the 
stretch  it  is  only  ±  0.003  mm. 

A  similar  computation  of  the  stretch  T.  B.  M.  129  to  T.  B.  M.  130 
(length  14:18.3  m.)  results  in  a  probable  error  of  ±  0.32  mm.  (Table 
No.  19),  while  the  actual  error  of  closure  was  ±  0.16  mm.  (Table  No. 
18)  with  a  probable  error  of  ±  0.11  mm.  This  stretch  is  undoubtedly 
better  than  the  other,  though  it  has  a  more  detrimental  effect  on  the 
apparent  accuracy  of  the  work. 

The  inevitable  conclusion  to  be  drawn  from  the  foregoing  is,  as 
previously  stated,  that  the  theory  of  error  is  not  justly  entitled  to  a 
place  of  honor  in  discussing  level  errors,  though  it  may  be  used,  as  in 
the  past,  to  give  an  approximate  measure  of  comparison  between 
different  lines. 

Assuming,  then,  that  a  computation  of  the  probable  error  of  a  line 
of  levels  is  desirable,  the  formulas  previously  given  will  be  repeated 
here,  and  may  be  applied  with  proper  reserve. 

For  a  stretch  ever  which  m  level  lines  have  been  run,  the  probable 
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error  in  the  mean  of  the  m  values  found  for  the  difference  of  eleva- 

1         v^ 
tion  will  be  r  =  ±0.674    ,    — ; z^^,    in    which   r   is    the   residual 

\|w  [m  —  1) 

error  from  the  mean  for  each  value.     When  only  two  lines  (direct  or 
reverse)   have  been  run,  then  m  =  2,  and  the  two  residuals  become 

\¥1? 


equal;  hence  for  this  case  r  =^  ±0.674     \tL^  =  ±0.674?'.    The  values 

of  r  for  any  given  values  of  v  may  be  taken  from  Table  No.  25,  in  the 

Appendix. 

The  probable  error  per  kilometer  for  any  stretch,  of  length  L,  in 
r 
kilometers,  is  ±  ~T=?,  in  millimeters. 
y  L 
The  probable  error  r„  of  a  line  of  levels  of  length  2  i  is  r^^  =  ± 
f 

y  .2  r^,  and  the  probable  error  per  kilometer  is  as  before  ±  ~~~- 

y  ^  ij 

These   formulas   are   readily   solved    with   any    ordinary   table   of 
squares  and  square  roots. 

TABLE  No.  22. — PkobabiiE  Ebkok  of  a  Stketch  op  Levels. 


Determined 
from 

Distance. 

a 
o 

1 
u 

s 

Difference  of 
elevation. 

■Jo 

2  V. 

Prob.Error. 

B.  M. 

"3 

0^  6 

u  a 

5^ 

0} 

h 

±r. 

±    >-o. 

T.  P.  1 

T.  B.  M.  128 
T.  P.  1 
2 
3 
4 
5 
6 
7 

m. 

147.7 

m. 

147.7 

D. 
R. 
M. 

D. 
R. 
M. 

D. 
R. 
M. 

D. 
R. 

M. 

D. 
R. 

M. 

D. 
R. 
M. 

D. 
R. 

M. 

D. 
R. 
M. 

mm. 

+  991.3 
+  992.0 
+  991.65 

+1136.5 
+1135.4 
+1135.95 

—  171.1 

—  170.9 

mm. 

+0.35 

mm. 

+0.35 

mm. 
— 0..35 

mm. 
0.236 

mm. 
0.236 

2 

140.8 

—0.55 

—0.20 

+0.20 

0.371 

0.439 

3 

132.6 

+0.10 

-0.10 

+0.10 

0.067 

0.445 

—  171.00 

+  .368.5 
+  307.9 
+  368.20 

+  111.9 
+  112.0 
+  111.95 

+1734.8 
+1735.1 
+1734.95 

+  828.8 
+  829.2 
+  829.00 

—  603.4 

—  603.4 

4 

130.1 

-0.30 

—0.40 

+0.40 

0.202 

0.488 

5 

129.0 

+0.05 

—0.35 

+0.35 

0.0*4 

0.490 

6 

129.4 

+0.15 

—0.20 

+0.20 

0.101 

0.500 

7 

134.3 

+0.20 

0.00 

0.00 

0.134 

0.517 

T.  B.  M.  129 

128.2 

0.00 

0.00 

0.00 

0.000 

0.517 

1071.6 

—  603.40 

1 

Note  —For  method  of  computation  see  explanatory  remarks  accompanying  Table  No.  18. 
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3.   The  Allowable  Error. 

In  view  of  tlie  many  perplexities  attending  the  results  and  accuracy 
of  precise  level  work,  the  question  naturally  arises  as  to  what  shall 
constitute  acceptable  work.     This  question  is  not  easily  answered. 

As  a  general  rule,  that  work  is  acceptable  which  is  as  good  as,  or 
better  than,  has  ever  been  done  before.  Any  work  falling  within  this 
requirement  is  certainly  beyond  adverse  criticism.  However,  certain 
local  and  temporary  conditions  may  preclude  the  jDossibility  of  achiev- 
ing such  results,  and  then  it  becomes  necessary  to  give  an  explanation 
of  the  reason. 

In  order  that  work  may  be  carried  on  with  a  uniform  degree  of 
acciiracy,  a  certain  limit  of  allowable  error  is  usually  stipulated,  and 
whenever  a  pair  of  hues  does  not  close  within  this  limit  one  or  more 
additional  lines  must  be  run  until  a  jaair  (direct  and  reverse)  is 
obtained  which  fulfills  the  requirement.  When  weather  remarks,  etc., 
are  carefiilly  noted,  the  observer  will  have  little  difiiculty  in  deciding 
which  one  of  a  pair  of  lines  is  most  likely  to  be  in  error  and  a  third 
line  will  usually  give  an  acceptable  pair. 

According  to  the  law  of  the  continuity  of  error  in  a  series  of  obser- 
vations, the  allowable  error  of  closure  is  made  a  function  of  the  '^  L, 
thus,  e  =  c  V  L,  assigning  various  values  to  c,  according  to  the  accuracy 
desired.  In  this  expression,  L  is  generally  taken  as  the  length  of  the 
loop  line,  in  kilometers,  and  e  is  in  millimeters. 

The  values  assigned  to  the  constant  c  range  from  2  to  10,  the 
former  being  the  smallest  limit  at  present  attainable,  without  unneces- 
sarily increasing  the  cost  of  the  work,  when  instruments  of  the  highest 
grade  are  used.  With  very  good  common  levels  work  may  be  done 
within  the  limit  10  VZ,  though  such  work  cannot  be  classed  with 
precise  levels  at  this  time.  The  largest  limit  at  present  permitted  on 
lu-ecise  levels  is  3  y  i. 

Some  work  under  the  Engineer  Dej)artment,  U.  S.  Army,  has  been 
done  within  the  limit  e  =  B  y^ L,  in  which  L  is  the  length  of  the  single 
stretch.  This  limit  is  very  nearly  the  same  as  2  y^  L  when  L  is  the 
length  of  the  loop  line,  which  latter  is  perhaps  abetter  form,  and  offers 
a  more  ready  means  of  comparison. 

It  follows  from  the  foregoing,  that  the  resulting  accuracy  of  a  line 
of  levels,  as  also  the  cost  and  progress  of  the  work,  depends  almost 
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entirely  on  the  limit  assigned,  since  all  work  not  within  such  limit 
must  be  rejected. 

The  formula  assumes  that  the  error  of  leveling  is  i>urely  a  function 
of  the  length  of  the  line  leveled  over.  It  makes  no  allowance  for  the 
fineness  of  the  instrument  iised,  the  nature  of  the  ground  leveled  over, 
or  the  length  of  shot,  all  of  which  are  important  factors  which  largely 
govern  the  magnitude  of  the  closing  error. 

While  it  is  quite  impossible  to  derive  a  formula  for  allowable  error 
which  shall  include  all  the  variables  in  their  true  mathematical  rela- 
tion, the  writer  ventures  to  propose  a  new  formula  which  is  intended 
to  give  due  weight  to  the  principal  factors  which  go  to  make  up  the 
error  of  closure  between  a  pair  of  lines. 

This  formula  is  e  ^  c  \/ L  x/  ^  in  which  L  is  the  length  of  the  loop 
line,  in  kilometers;  /  is  the  average  length  of  shot,  m  meters;  e  is  the 
allowable  error,  in  millimeters;  and  c  is  a  constant  representing  the 
quality  of  the  instrument,  and  differs  for  different  instruments.  Calling 
V  the  curvature  of  the  level  tube,  in  seconds  j^er  2-mm.  graduation;  m 
the  magnifying  power  of  the  telescope,  in  diameters;  and  tthe  smallest 


I  V  t 
graduation  on  the  rod,  in  millimeters;  then  c  =      I 

Nj  m 
As  this  formula  does  not  make   any   allowance   for   atmospheric 
variations  it  may  be  generally  accepted  only  for  excellent  weather  con- 
ditions, and  errors  which  exceed  this  limit  are  usually  the  result  of 
poor  observing  or  injurious  temperature  effects. 

As  the  i^rincipal  source  of  error,  however,  is  caused  by  temiDcrature 
and  atmospheric  effects,  as  previously  explained,  the  foregoing  value 
will  be  found  to  be  extremely  small  and  difficult  to  maintain,  even  on 
the  most  careful  leveling.  It  is,  therefore,  necessary  to  add  a  numer- 
ical constant  A:,  to  cover  these  errors  to  the  extent  desired.  The 
final  formula  then  becomes 


To  facilitate  the  use  of  this  formula,  as  also  those  in  common  use,  a 
diagram,  Fig.  17,  is  given  in  the  Aj)pendix,  from  which  values  of  e 
may  be  read  off  for  any  ordinary  values  of  L  and  /.  The  diagram  is 
self-explanatory  and  will  be  found  far  more  convenient  than  a  tabula- 
tion of  allowable  errors. 
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4.   The  Adjustment  of  Errors. 

Whenever  a  stretch  of  levels  is  run  in  two  directions  between  suc- 
cessive bench-marks,  thus  forming  a  closed  polygon,  the  resulting 
error  of  closure  must  be  distributed  in  some  manner  prior  to  using  the 
difference  of  elevation  thiis  obtained  in  the  computation  of  elevations 
above  datum. 

Since  there  are  generally  but  two  measurements  (direct  and  reverse) 
of  the  diflerence  of  elevation  between  successive  benches,  the  most 
probable  vahie  is  represented  by  their  arithmetic  mean.  This  is  quite 
as  true  when  three  or  four  accepted  measurements  exist,  though  this 
is  rarely  the  case,  since  a  single  pair,  closing  within  the  stipulated 
limit,  is  considered  siifficient.  The  foregoing  examples  of  level  notes 
are  reduced  in  this  manner. 

When  a  line  of  levels  closes  on  itself,  thus  forming  a  polygon,  the 
resulting  error  of  the  polygon  must  be  distributed  over  the  entire 
periphery,  either  in  proportion  to  the  length,  or,  perhaps  better,  in  pro- 
portion to  the  square  root  of  the  length,  from  the  known  starting 
point.  As  there  is  always  more  or  less  guesswork  attending  such 
distribution,  it  matters  little  which  method  is  adopted. 

For  large  polygons,  the  sj^heroidal  correction  should  first  be  applied 
to  each  side  before  attemisting  any  final  distribution  of  the  closing 
error,  as  this  error  may  be  materially  aflfected  thereby. 

It  sometimes  happens  that  a  succession  of  polygons,  or  a  polygonal 
system,  requires  adjustment.  Such  an  adjustment  may  be  made  by 
the  method  of  least  squares,  as  given  in  some  text-books  on  the  "  Ad- 
justment of  Errors"  (Wright  and  others),  or  it  may  be  accomplished 
by  a  repetition  of  the  method  just  mentioned  for  a  single  polygon, 
which  .latter  is  less  laborious  and  quite  within  the  knowable  exact- 
ness. All  methods  applicable  to  this  problem  must  be  regarded  as 
guesswork,  be  they  methodical  or  otherwise.  A  good  common-sense 
adjustment  is  entitled  to  as  much  confidence  as  any  other.  It  is, 
therefore,  deemed  unnecessary  to  add  more  on  this  subject. 

Rapidity  of  Work. 
The  rajiidity  with  which  precise  level  work  may  be  prosecuted  is 
governed  by  the  quality  of  the  work,  the  training  and  experience  of 
the  party,  the  grade  of  the  instrumental  equipment,  the  nature  of  the 
ground  traversed  and  the  weather. 
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It  is,  therefore,  difficult  to  give  exact  iDforniation  on  this  subject, 
though  some  few  facts  will  enable  the  reader  to  make  a  fair  estimate 
for  various  conditions  under  consideration. 

With  a  well-equipped  and  experienced  party,  following  the  method 
previoiisly  described,  the  average  rate  of  progress  over  comparatively 
level  country  will  be  about  4.5  km.  of  single  line  per  day  worked. 
This  is  for  a  limiting  error  of  closure  e  =  2  -\/  L,  in  which  L  is  the 
length  of  the  loop,  in  kilometers. 

The  weather  conditions  generally  limit  the  length  of  sight  to  from 
30  to  85  m. ,  -with  an  average  of  about  50  m.  This  would  necessitate 
from  17  to  6  instrument  settings  per  kilometer  of  single  line.  Occa- 
sionally, short  sights,  ranging  from  6  to  10  m.,  are  necessitated  by 
undulating  ground,  in  which  case  the  rate  of  progress  becomes  very 
slow. 

When  the  previously  described  method  of  observing  is  follow^ed, 
the  average  time  required  to  walk  between  stations,  set  up  the  instru- 
ment, and  take  the  readings,  is  about  9j  minutes.  For  exceptionally 
good  runs,  with  clear,  steady  air  and  good  footing  on  the  road,  this 
time  can  easily  be  reduced  to  7  minutes,  enabling  the  work  to  jjroceed 
at  the  rate  of  about  1  mile  an  hour.  However,  1  km.  per  hour  is  very 
good  progress,  and,  for  average  conditions  of  weather  and  walking,  not 
much  over  600  m.  per  hour  will  be  accomplished.  This  latter  rate 
represents  a  good  average  for  a  whole  field  season. 

The  number  of  Sundays  and  days  on  which  weather  conditions 
prevent  field  work  being  done  can  be  estimated  as  between  20  and  '2b% 
of  the  days  spent  in  the  field.  However,  most  of  this  time  is  well 
spent  in  working  up  the  notes  and  preparing  the  summary  of  results, 
etc. 

The  average  working  day  will  rarely  exceed  8  hours,  and  will 
generally  be  about  7^^  hours,  because  the  midday  hours  do  not  permit 
of  good  work  being  done,  except  during  cloudy  weather.  This  appar- 
ently lost  time  can  always  be  advantageously  devoted  to  the  checking 
of  notes. 

Table  No.  23  will  sufiice  to  give  a  good  idea  of  the  work  performed 
in  a  field  season.  The  St.  Lawrence  River  levels  were  run  by  the 
writer,  from  August  10th  to  December  1st,  1898,  and  from  May  1st  to 
June  1st,  1899,  for  the  U.  S.  Board  of  Engineers  on  Deep  Waterways.* 

*  Final  Report  of  U.  S.  Board  of  Engineers  on  Deep  Waterways. 
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The  Lake  St.  Clair  levels  were  run  by  the  writer  in  June,  1899,  for 
the  Engineer  Department,  U.  S.  Army.  The  former  line  was  generally 
very  undulating,  and  over  poor  roads  for  much  of  the  distance;  while 
the  Lake  St.  Clair  line  was  over  good  level  roads. 

TABLE  No.  23.— Data  on  Rapidity  of  Wokk. 


Item. 

St.  Lawrence 
River  levels. 

Lake  St.  Clair 
levels. 

Total  number  of  days  in  the  field 

135 
20 
9.5 
105.5 
746 
433.  !55 
3.31 
4.11 
0.58 

10. 10  min. 
4  430 
10.6 
815.7 
49.0 
±  1.07  mm. 

14 
±14.72  mm. 

27 

Number  of  Sundays 

5 

0 

22 

Number  of  hours  actually  worked 

Number  of  kilometers  of  single  line  run 

159 
98.05 

Number  of  kilouieters  single  line  per  day  in  field 

3.63 

Number  of  kilometers  single  line  per  day  worked 

Number  of  kilometers  single  line  per  hour  worked 

Average  time  consumed  per  setting 

4.46 
0.63 
9.81  min. 

972 

Average  number  of  instrument  settings  per  kdometer. . . 
Average  length  of  stretch,  in  meters 

9.9 
1  014.4 

50.4 

Actua!  closure  at  end  of  line,  residual  from  mean 

±3.04  mm. 
0 

±5.44  mm. 

Cost  of  Work. 

The  reliable  data  bearing  on  this  subject  are  very  meager,  and  must 
always  be  used  with  reserve. 

Nearly  everyone,  intrusted  with  work  of  this  class,  will  take  pride 
in  producing  it  as  cheaply  as  possible,  yet  all  high-grade  work  de- 
mands proper  pecuniary  recognition,  and  as  the  cost  of  leveling  is 
almost  entirely  a  question  of  salaries,  it  is  readily  seen  that  a  wide 
range  is  possible,  even  for  the  same  quality  and  rate  of  progress  of 
work. 

The  factors  of  weather,  season  of  year,  nature  of  ground  covered, 
etc.,  all  enter,  as  for  rate  of  progress,  though  the  governing  item  js 
liberality  in  the  wages  paid. 

The  average  salaries  which  should  be  paid  to  members  of  a  party 
doing  high-class  precise  level  work  are  about  as  follows: 

Chief  of  party  or  observer,  .§200  jjer  month  and  subsistence  in  field. 

Recorder 100  "  "  " 

Rodmen 60 

Umbrellaman 30 
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This  scliedule  is  intended  only  for  the  highest  grade  of  precise 
levels  and  for  experts  in  that  line.  Subsistence  in  the  field,  when  a 
party  subsists  on  the  coiintry,  will  range  from  70  cents  to  $1.00  per 
day  per  man. 

Table  No.  24  gives  the  cost  of  work  done  by  the  writer  during  1898 
and  1899,  and  may  be  accepted  as  a  very  reasonable  expenditure  when 
the  quality  of  the  work  is  considered.  The  traveling  expenses  of  the 
party,  to  and  from  the  field,  are  excluded,  while  salaries,  subsistence 
iind  traveling  expenses  incidental  to  the  work  are  all  included. 

TABLE  No.  24. 


Line  of  Levels  Along 

Item. 

St.  Lawrence 
River. 

Lake 
St.  Clair. 

$4.51 
5.43 

10.86 
0.83 

$4.61 

Cost  of  leveling  1  km. ,  direct  and  reverse 

9.22 

Cost  of  compiling  and  reducing  notes  per  single  kilometer 

0.84 

A  good  average  value  for  estimating  total  cost  of  precise  level  work 
(exclusive  of  transijortation  to  and  from  the  field)  is  about  $15  per 
kilometer,  or  $24  per  mile,  of  doiible  line. 
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A  diagram,  Fig.  17,  for  taking  off  the  allowable  error  on  precise 
level  work,  and  Table  No.  25,  for  the  computation  of  ijrobable  error, 
are  appended.  These  will  serve  a  good  purpose  in  the  field  as  also  in 
the  final  compilation  of  results. 

The  writer  takes  this  opjjortunity  of  expressing  his  sincere  thanks 
to  the  U.  S.  Board  of  Engineers  on  Deep  Waterways;  C.  W.  Raymond, 
M.  Am.  Soc.  C.  E.,  Col.,  Corps  of  Engineers,  U.  S.  Army;  Alfred 
Noble  and  George  Y.  Wisner,  Members,  Am.  Soc.  C.  E.  and  members 
of  that  Board,  and  to  Colonel  G.  J.  Lydecker,  Corps  of  Engineers,  U. 
S.  Army,  in  charge  of  "the  Detroit  Office  of  U.  S.  River  and  Harbor  Im- 
provements, for  granting  their  kind  permission  to  use  some  of  the  data 
pertaining  to  the  St.  Lawrence  River  and  Lake  St.  Clair  Levels. 

The  writer  is  also  indebted  to  Professor  H.  S.  Pritchett,  former 
Superintendent,  U.  S.  Coast  and  Geodetic  Survey,  for  jAotographs  of 
instruments  shown  in  Plates  XXXV  and  XXXVI. 

TABLE  No.  25. — Probable  Eekoks  foe  two  Obsebvations. 

I  2  ^,  2 

Equation:  ±  r  =  0.674.     ^=  0.674  ??  for  two  observations; 

\m[m-\) 

r  =  probable  error,  v  =  residual  from  mean,  m  =  number  of  observations. 


V. 

±r. 

I'. 

±r. 

V. 

±r. 

V. 

0.31 
0.32 
0.33 

±r. 

0.209 
0.216 
0.222 

V. 

±r. 

0.01 
0.02 
0.03 

0.007 
0.013 
0.030 

0.11 
0.12 
0.13 

0.074 
0.081 
0.088 

0.21 
0.22 
0.23 

0.142 
0.148 
0.155 

0.41 
0.42 
0.43 

0.276 
0.2.S3 
0.290 

0.04 
0.05 
0.06 

0.C27 
0.034 
0.040 

0.14 
0.15 
0.16 

0.094 
0.101 
0.108 

0.24 
0.25 
0.26 

0.162 
0.168     ' 
0.175 

0.34 
0.35 
0.86 

0.229 
0.236 
0.243 

0.44 
0.45 
0.46 

0.296 
0.803 
0.810 

0.07 
0.08 
0.09 

0.047 
0.054 
0.061 

0.17 
0.18 
0.19 

0.115 
0.1-il 
0.128 

0.27 
0.28 
0.29 

0  182 
0.189 
0.195 

0.37 
0.38 
0.39 

0.249 
0.256 
0.263 

0.47 
0.48 
0.49 

0.317 
0.323 
0.830 

0.10 

0.067 

0.20 

0.134 

0.30 

0.202 

0.40 

0.270 

0.50 

0.337 

0.51 
0.52 
0.53 

0.344 
0.350 
0.357 

0.61 
0.62 
0.68 

0.411 
0.418 
0.425 

0.71 
0.72 
0.73 

0.478 
0.485 
0.492 

0.81 
0.82 
0.83 

0.546 
0.553 
0.559 

0.91 
0.92 
0.93 

0.613 
0.620 
0.627 

0.54 
0.55 
0.56 

0.364 
0.371 
0.377 

0.64 
0.65 
0.66 

0.481 
0.4.38 
0.445 

0.74 
0.75 
0.76 

0.499 
0.505 
0.512 

0.84 
0.85 
0.86 

0.566 
0.578 
0.580 

0.94 
0.95 
0.96 

0.634 
0.640 
0.647 

0.57 
0.58 
0.59 

0.384 
0.891 
0.398 

0.67 
0.68 
0.69 

0.452 
0.458 
0.465 

0.77 
0.78 
0.79 

0.519 
0.526 
0.532 

0.87 
0.88 
0.89 

0.586 
0.593 
0.600 

0.97 
0.98 
0.99 

0.654 
0.660 
0.667 

0.60 

0.404 

0.70 

0.472     1 

0.80 

0.589 

0.90 

0.607 

1.00 

0.674 

Palmers.  ] 


MOLITOR    OX    PRECISE   SPIRIT   LEVELING. 


899 


Vol.  XXVI.  SEPTEMBER,  1900.  No.  7. 


AMERICAN  SOCIETY  OF  CIVIL  ENCmEERS. 

INSTITUTED     1852. 


PAPERS  AND  DISCUSSIONS. 

Note.— This  Society  is  not  responsible,  as  a  body,  for  the  facts  and  opinions  advanced 
in  any  of  its  publications. 


THE   PRESERVATION   OF  RAILWAY   TIES   IN 
EUROPE. 


By  O.  Chanute,  Past-President,  Am.  Soc.  C.  E. 
To  BE  Presented  October  17th,  1900. 


The  writer  chanced  to  become  engaged  practically  in  the  preser- 
vation of  railway  ties  by  chemical  injections,  in  consequence  of  his 
having  acted  as  a  member  of  the  Committee  which  I'eported  to  this 
Society  on  "The  preservation  of  timber,"  June  25th,  1885.  Having 
continued  in  the  business  fourteen  years,  he  felt  the  need  of  informa- 
tion concerning  many  anomalies  which  had  j^uzzled  him,  and  thought 
it  desirable  that  he  should  investigate  the  experience  and  methods  of 
doing  the  best  work  in  Europe,  where  the  industry  has  been  carried 
on  for  the  last  sixty  or  seventy  years.  He  accordingly  went  abroad 
in  October,  1899,  and  proposes  to  give  to  this  Society  some  of  the 
results  of  his  enquiries  in  three  different  countries.  The  same  methods 
are  practised  in  the  other  countries  of  Europe. 

Geeat  Bkitain. 

England  took   the  lead   in  preserving  timber  by  chemicals  more 

than  one  hundred  years  ago.     Her  wooden  ships  forced  this  subject 

Note.— These  papers  are  issued  before  the  date  set  for  presentation  and  discussion. 
Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting,  and  may  be 
sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will  be  pubhshed  in  a 
subsequent  number  of  Proceedings,  and,  when  finally  closed,  the  papers  with  discussion 
in  full  will  be  published  in  Transhclions. 
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upon  the  attention  of  her  buihlevs  and  chemists,  and  thousands  of 
experiments  were  tried  with  scores  of  substances.  M.  Paulet,  in  his 
book,  "Conservation  des  Bois,"  enumerates  173  j)rocesses  or  methods. 
Most  of  them  have  proved  failures,  but  some  four  or  five  proved  to 
have  value,  as  stated  in  the  report  of  the  Committee  to  this  Society 
in  1885. 

These  four  or  five  processes  were  brought  into  practical  use, 
especially  after  the  "Railway  Era  "  rendered  the  jireservation  of  ties 
an  important  economy,  but  all  antiseptics,  save  tar-oil,  have  now 
been  abandoned  in  England,  where  "  creosoting,"*  so-called,  has 
grown  to  be  recognized  as  the  best  process  to  use.  Practically  all 
the  ties  (they  call  them  sleepers)  now  laid  in  Great  Britain  are  treated. 
A  few,  cut  in  Scotland,  are  laid  in  their  natural  state,  but  at  least  90% 
ai-e  imported  and  creosoted. 

Mr.  S.  B.  Boulton,  author  of  a  paper  awarded  the  Telford  medal 
by  the  Institution  of  Civil  Engineers  in  1884,  and  universally  recog- 
nized as  the  best  British  authority  on  the  subject;  Mr.  A.  Boss,  Chief 
Engineer  of  the  Great  Northern  Ry. ;  Mr.  C.  L.  Morgan,  Engineer  of  the 
London,  Brighton  &  Soiith  Coast  Ry. ;  Mr.  Harry  Footner,  Engineer 
of  the  London  &  North  Western  Ry. ,  and  others,  have  kindly 
furnished  the  writer  with  data  concerning  modern  British  practice, 
from  which  the  following  account  has  been  compiled. 

Almost  all  the  sleepers  are  of  "Baltic  redwood"  from  Russia, 
Sweden  and  Norway.  They  are  cut  in  the  late  autumn  or  winter,  and 
summer  cutting  is  genei-ally  barred  in  the  specifications.  The  tie 
makers  are  generally  engaged  in  farm  work  during  the  summer. 
When  the  spring  and  summer  floods  occur,  the  sleepers  are  floated 
and  rafted  down  the  streams  to  the  shipping  ports,  much  of  the  sap 
being  washed  out  by  this  procedure.  The  logs  or  ties  are  then 
shipped  to  English  ports,  arriving  some  four  to  six  months  after 
felling,  and  they  are  frequently  left  to  soak  in  water  until  sawed. 
They  are  generally  imported  as  "Blocks"  or  "Balks,"  cut  to  a 
length  of  9  ft.,  and  squared  to  10  ins.,  requiring  sawing  in  two,  which 
many  railways  specify  must  be  done  only  at  the  ijort  of  delivery. 
After  being  made  into  sleepers,  generally  8  ft.  11  ins.  long,  10  ins.  face 
and  5  ins.  thick,  containing  3.11  cti.  ft.,  they  are  stacked  in  cribs, 
with  4-in.  spaces  between  the  sleepers  and  with  sloping  top  layers, 
*  Creosote,  properly  so-called,  is  a  medicinal  product  of  vegetable  distillation. 
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and  allowed  to  season  from  4  to  6  months  more.  Thus  tliey  are  from 
10  to  12  months,  and  sometimes  18  mouths,  old  when  "creosoted." 

Many  of  the  railways  have  their  sleepers  adzed  and  bored  for  the 
fastenings  by  machinery  before  creosoting,  while  others  do  this  by 
hand  in  laying.  It  is  conceded  that  boring  before  treatment  is  good 
IJractice,  but  sometimes  inconvenient  when  several  patterns  of  chairs 
are  used. 

The  specification  for  creosoted  sleepers  of  the  London,  Brighton 
&  South  Coast  Ry.  is  given  herewith,  in  Ai3pendis  A,  as  fairly 
representing  British  practice.  The  mode  of  injection  is  practically 
the  same  on  all  roads;  the  "  Bethell "  process  is  used,  in  which  there 
is  no  jirevious  steaming,  as  the  sleepers  are  already  well  cleared  of 
sap,  and  seasoned,  but  the  quantities  of  tar-oil  injected  and  the 
results  differ  a  little  on  various  roads. 

From  an  elaborate  report  of  M.  V.  Herzenstein,  presented  to  the 
International  Railway  Congress  in  London,  1895,  giving  data  obtained 
from  about  half  of  the  British  railways.  Table  No.  1  has  been  compiled 
by  the  writer.  The  kind  of  timber  is  omitted,  as  it  is  almost  all  "red- 
wood"; and  the  reported  cost,  reduced  to  our  money,  is  only  appli- 
cable where  lojig  contracts  previously  existed,  as  tar-oil  has  much 
advanced  in  price  since  1894,  when  the  data  were  gathered.  This  advance 
has  been  due  to  its  increasing  recognition  as  the  best  timber  preserva- 
tive. Some  years  ago  it  was  so  cheap  that  it  was  used  as  fuel,  and 
while  the  normal  price  in  England  (so  far  as  a  fluctuating  commodity 
can  be  said  to  have  a  normal  price)  was  about  4  cents  jaer  gallon,  it  is 
now  7  cents  per  gallon,  hard  to  find,  and  with  indications  of  going 
higher.  The  present  price  increases  the  cost  of  creosoting  very  ma- 
terially from  the  prices  given  in  the  table. 

Most  of  the  railways  are  getting  their  creosoting  done  by  contract, 
but  the  London  and  Northwestern  is  doing  its  own  work,  and  reports 
the  cost  at  20  to  25  cents  per  sleeper.  It  also  rejiorts  the  longest  life 
(16  to  20  years),  save  the  London,  Tilbury  and  Southend,  which  is  a 
small  road,  of  light  traffic.  The  British  are  not  injecting  nearly  as 
much  tar-oil  as  the  French  roads,  and  they  obtain  a  lesser  life,  as  will 
be  shown  later. 

Many  of  the  results  obtained  with  sleepers  in  England  are  due  to 
the  system  of  track.  The  rails  are  of  the  "  Bull-head  "  type,  laid  on 
chairs  with  about  108  sq.  ins.  of  bearing  surface,  and  hence  there  is  no 
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TABLE    No.  1. — Abstkact  of  Answkks  of  Bbitish  Railways   to 
Mk.  Hekzenstein. 


II.... 
III... 

IV.... 


V 

VI.... 
VII... 
VIII.. 

IX.... 

:x.... 

XI.... 
XII... 
XIII.. 
XIV.. 
XV.. 


Railway. 


Belfast  and  N.  Coun- 
ties Ry 

FurnessRy 


HaU  Barnoley  Ry. . . 
Great  Eastern  Ry . . . 


Great  Northern  Ry. . 

Great  Southern  ( 
and  Western  Ry.  \ 

London  and  North  | 
Western  Ry ( 

London  and  South  ( 
Western  Ry f 

London,  Tilbury  ) 
and  Southend  Ry.  f 

Manchester  S.  and  ( 

L.  Ry f 

Midland  Ry 


North  British  Ry... 
North  London  Ry. . 
South  Eastern  Ry. . 
Tafif  Vale  Ry 


anmutlfy      Preserva- 
renewed 


40  000 

(  4  000  to 
)  34  000 
i  90  000  to 
(   100  000 


300  000 
170  000 

Variable. 

20  per  mile. 


97  000 
17  000 


tion. 


Creosoting. 


Amount 
injected. 

3 

CM 

3 

j  1  gall,  per  (^ 
(  cubic  foot.  ) 
j    8  lbs.  per    | 
1  cubic  foot,  f 
J    8  lbs.  per    ] 
1  cubic  foot,  f 
2i  galls,  per  | 
1    '     tie.         f 
j  0.7  gaU.  per  I 
1  cubic  foot.  ( 
J34galls.  per  1 

j  30  lbs.  per  1 

1         tie.         f 

(  2A  galls,  per  | 

1    ■     tie.         f 

7  to  10  lbs.  ) 

-    per  cubic    J- 

foot.        ) 

10  lbs.  per   ( 

1  cubic  foot,  j 

12 
15 

15 
15 

16 
13 

12-15 
12 

18 

16-20 
12 

25-30 

16 

j  1  gall,  per  { 
1  cubic  foot.  ( 
J  28  lbs.  per  i 
1          tie.         i" 
1  28  lbs.  per  ( 
1         tie.         j 
j  IJ  galls,  per  1 
~i  cubic  foot,  f 

14 
30 

15 

8-9 

15 

Cause  of 
failure. 


Splits. 


Wear. 


Wear. 

Wear  & 
splits. 

Decay, 
etc. 

40.V    De- 
cay. 


Wear. 


Natural 
causes . 


Particular  attention  is  called  to  the  quantities  (28  to  30  lbs.)  of  creosote  injected  per 
tie.  The  creosote  used  practically  conforms  to  the  specifications  of  Dr.  Tidy,  published 
in  Mr.  Boulton's  paper,  of  1884,  and  is  to  be  entirely  free  from  water,  cone  oil,  shale  oil, 
or  other  inferior  oils. 

cutting  by  tlie  foot  of  the  rail.     Tlie  fastenings  consist  of  trenails,  of 

round  drift  bolts  called  spikes,  and  of  lag  screws,  and  are  thoroughly 

effective. 

France. 

France,  which  was  once  so  abundantly  wooded,  has  been  partly 
denuded,  the  present  area  of  the  forests  being  estimated  at  about  one- 
fifth  of  what  it  was  in  the  days  of  Julius  Caesar.  The  forests  have, 
moreover,  been  culled,  yet  they  furnish  about  3  000  000  ties  annually 
to  the  French  railways,  leaving  about  1  000  000  to  be  imported.  Of 
the  aggregate  about  2  600  000  ties  per  annum  are  now  consumed  in 
renewals,  and  it  is  a  notable  feature  that  the  number  renewed  has  been 
diminishing  for  the  past  15  years,*  in  spite  of  the  fact  that  the  mileage 
to  be  maintained  has  been  constantly  increasing. 

*  The  renewals  averaged  3  072  605  ties  per  annum  for  the  eight  years  1878  to  1885 
inclusive.— H.  Mathieu,  in  Revue  Generale  des  Chemins  de  Fer,  August,  1887. 
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This  result,  whicli  has  been  estimated  as  producing  an  annual 
economy  of  about  $3  000  000  to  the  French  railways,  has  been  wholly 
due  to  the  impregnation  of  the  ties  and  to  constant  improvements  in 
the  processes.  The  French  began  treating  wood  about  1837  by  the 
"  Boucherie  "  process  of  expelling  the  sap  by  hydraulic  pressure, 
using  sulphate  of  copper  as  an  antisej^tic.  Many  of  the  railways  took 
this  up,  but  most  of  them  abandoned  it  about  1878,  and  the  only  road 
which  had  continued  the  use  of  this  substance,  the  "Midi,"  has  now 
finally  given  it  up  in  favor  of  creosote.  The  latter  substance  is  now 
practically  used  exclusively  by  all  the  roads,  save  those  of  the  State, 
which  use  a  mixture  of  chloride  of  zinc  and  creosote,  which  will  be 
more  fully  noticed  when  the  German  practice  is  described.  "Burnet- 
tizing,"  /.  e.,  the  injection  of  chloride  of  zinc  alone,  has  been  exten- 
sively used,  but  is  now  abandoned,  as  the  zinc  is  found  to  wash  out  in 
time,  especially  in  moist  situations. 

The  kinds  of  wood  used  in  renewals  and  construction  have  approxi- 
mately been  in  the  following  proportions:  Oak,  60%';  beech,  22%;  pine 
and  sundries,  18  per  cent.  Of  these,  the  sujDply  of  oak  is  diminishing, 
and  the  use  of  beech  and  \>\ne  is  increasing.  Formerly,  the  creosoting 
of  oak  was  confined  to  sapjjy  ties,  but  now  all  oak  is  treated,  although 
but  small  amounts  of  tar-oil  can  be  forced  therein.  The  quantities  of 
this  substance  injected  have  steadily  been  increased.  While  the  British 
railways  were  content  with  22  to  30  lbs.  per  tie,  the  French  railways 
injected  from  31  to  40  lbs.  in  beech  and  pine,  with  correspondingly 
better  results  in  duration,  and  they  have  lately  still  farther  increased 
the  amounts.  Thus  the  "  Ouest  "  Railway  now  requires  44  lbs.  per 
tie  ;  the  "  Est,"  which  does  its  own  work,  injects  60  lbs.  of  tar-oil  per 
tie,  and  the  "  Paris,  Lyon  et  Mediterranee  "  follows  the  practice  of 
the  "Est." 

The  results  heretofore  attained  upon  the  French  railways  are  given 
in  Table  No.  2,  which  is  compiled  from  Mr.  Herzenstein's  report, 
already  quoted.  It  will  be  noticed  that  the  life  obtained  is  consider- 
ably in  excess  of  that  in  England,  and  is  nearly  in  direct  ratio  to  the 
quantities  injected  and  to  the  cost  incurred.  As  this  treatment  is 
applied  to  beech  ties,  which  cost  some  70  cents  each  unprei^ared; 
to  pine,  costing  6Q  cents  each,  and  to  oak,  costing  from  95  cents  to 
^1.10  each,  it  is  seen  that  thorough  injection  produces  important 
economies. 
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TABLE  No.  2. — Abstkact  op  Answers  of   French  Eailways  to  Mr. 

Herzenstein. 


No. 


XXVII.. 

XXVIII. 
XXJX... 
XXX.... 


XXXI... 


XXXII.. 


xxxin. 


XXXIV. 


Railway. 


State       .... 

161  213 

356  650 

Meridional 

Southern 

lO",-- 
284  511 

Northern. 

285  000 

242  050 

Orleans 

460  000 

Paris,  Lyon  & 
Mediterranean 

700  000 

(?) 

^  a  'f 
'S  a  <v 
E  03  c 

».2 


Kind 

of 
wood. 


Pine. 
Oak. 
Beech. 
Oak. 
Pine. 

Oak. 
Oak. 

Beech. 

Oak. 
Beech, 

Oak. 
Pine. 
Oak. 

Beech. 


Process  of 
preserva- 
tion. 


(Zinc. 
I  Creosote, 
j  Zinc. 
( Creosote. 

Creosote. 

None. 

( Sulphate 
I  of  copper 

Creosote. 

Creosote. 

(  Blythe 
1  Process. 


Creosote. 
Creosote. 

Creosote. 
Creosote. 
Creosote. 

Creosote. 


Amount 
injected. 

a 
o 

CO 

a 
3 

1  66  lbs.  per  tie. 

10-15 

\  9  lbs.  per  tie. 

) 
60  lbs.  per  tie. 

42 

25-30 

(0.4  lb.  dry    i 
1   per  cubic    V 
(        foot.        ) 
1  0.5  lbs.  per  1 
(        tie.          ( 

8-10 
10-15 

11  lbs.  per  tie. 

11 

|-  24  lbs.  per  tie. 

21 

111-13      lbs.| 
1     per  tie.     1 
j  31-33      lbs.  i 
/     per  tie.     j 

15-20 

18-25 
(?) 

12  lbs.  per  tie. 

15 

j  35-14      lbs.  1 
1     per  tie.     ( 
( 10-11      lbs.  1 
1     per  tie.     ( 

30 
12 

13-16 
12 

(26-35      lbs.) 
(     per  tie.     ) 

.] 

Prior 

to 
1890. 

Causes 

of 
faUure. 


Decay. 


Wear. 


Decay 
and 
Wear. 

•ince  in- 
creased. 

Going 
over  to 
straight 
creosot- 

ing. 
Decay 
and 
Splits. 
Now    in- 
ject 44 
lbs. 
Decay. 


Decay 
and 
cutting. 

Now 
copies 
Eastern. 


All  the  French  roads  but  one  have  been  creosoting  by  the  ' '  Bethell  " 
process.  The  exception,  the  "Nord,"  has  been  using  the  "Blythe" 
process,  which  consists  in  first  heating  the  wood  with  a  mixture  of 
steam  and  creosote  vapor,  and  then  injecting  by  pressure  about  24  lbs. 
of  liquid  tar-oil  per  tie.  This  method  was  adopted  to  economize  the 
amount  of  this  costly  substance  used.  The  specifications  of  this  road 
are  given  in  Appendix  B,  but  the  Chief  Engineer  of  Maintenance 
of  Way,  Mr.  Agnellet,  when  handing  these  to  the  writer,  stated  that 
the  quantity  of  creosote  injected  had  lately  been  increased  to  35  lbs.  per 
tie,  and  that  the  present  cost  was  35.6  cents,  as  against  21  cents  per  tie 
in  1893.  The  road  will  probably  go  over  to  straight  creosoting,  and 
adopt  the  methods  of  the  "  Est  "  Railway,  which  is  recognized  as  doing 
the  best  work  of  that  kind. 
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The  "Est"  Railway  does  its  own  creosoting,  and  has  two  plants 
with  an  aggregate  capacity  of  over  500  000  ties  a  year.  It  purchases 
chiefly  oak  ties  (95  cents),  and  beech  ties  (65  cents),  upon  rigid  specifica- 
tions, carefully  enforced,  and  piles  them  up  at  its  works  to  season. 
The  piles  are  isolated  and  contain  100  ties  each,  with  10-in.  air  spaces  be- 
tween the  sticks,  and  the  top  layer  is  made  of  sawed  ties  laid  close  and 
sloping.  These  piles  are  inspected  from  time  to  time,  and  if  cracks 
appear  a  hoop  iron  S  i^  driven  in  at  the  end,  or  a  hole  is  bored  and  a 
bolt  with  washers  is  inserted.  Oak  ties  are  thus  seasoned  15  to  20 
months,  and  beech  ties  6  months  or  more,  and  are  further  desiccated 
before  treatment  in  sisecial  drying  ovens  from  60  to  80  hours.  Re- 
peated weighings  show  that  the  oak  loses  16"o  of  its  weight  in  12 
months,  and  2.7",'  more  in  the  drying  oven,  while  the  beech  loses  25% 
in  10 J  months,  and  3.5",,  more  in  the  ovens.  The  iise  of  the  latter  is 
deemed  important,  not  only  to  expel  remaining  moisture  and  to  en- 
sure regularity  of  treatment,  but  to  obviate  the  chilling  of  the  hot 
tar-oil  upon  its  admission.  For  this  purpose,  the  ties,  loaded  upon 
buggies,  are  run  direct  from  the  ovens,  where  the  final  temperature 
is  176^  Fahr. ,  into  the  treating  retort,  whereupon,  without  previous 
steaming,  a  vacuum  of  26  ins.  is  produced,  and  the  tar-oil  then  ad- 
mitted. Before  going  into  the  drying  ovens  the  ties  are  adzed  for  rail 
seat  and  bored  for  lag-screw  fastenings.  This  is  done  by  steam  ma- 
chinery, at  a  cost  of  2  cents  per  tie. 

The  time  occupied  by  a  treatment  is  2.^  hours  for  oak  and  3  hours 
for  beech,  of  which  time  |  hour  is  under  a  pressure  of  75  lbs.  per 
square  inch  for  oak,  and  1  hour  of  the  same  pressure  for  beech,  the 
tar-oil  being  admitted  at  a  temperature  of  176^  Fahr.  Under  these 
conditions,  the  oak  ties  absorb  from  14.22  to  16.65  lbs.  of  creosote 
each,  and  the  beech  ties  take  from  59.40  to  66.60  lbs.  each.  More 
could  be  forced  into  the  lattev,  but  this  has  been  found  sufficient, 
being,  it  will  be  noticed,  double  as  much  as  is  injected  in  England. 

Every  invoice  of  creosote  is  chemically  tested  at  the  works.  The 
requirements  are:  (1)  That  it  shall  be  greenish  in  hue.  (2)  Naphtha- 
lene not  over  S0%.  (3)  Distillation  not  to  begin  below  392°  Fahr. 
Moreover,  there  should  be  10%  of  carbolic  acid  (and  attending  water) 
and  10  V  of  green  oil,  the  density  of  the  whole  being  1.05  to  1.10 
specific  gravity.  This  tar-oil  comes  generally  from  the  Paris  Gas 
Co.,  but  the  specifications   cannot  be  rigidly  enforced  just  now,  for 
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tar-oil  is  so  scarce  that  tlie  engineers  have  to  accept  what  they  can 
get.  The  total  cost  of  treatment  is  33.8  cents  per  tie  for  oak,  and 64.2 
cents  per  tie  for  beech,  as  stated  by  M.  V.  Dnfaux,  Engineer  of  Main- 
tenance of  Way,  of  the  "  Est  "  System,  who  kindly  gave  the  writer  his 
elaborate  paper,  published  in  "  Revue  Generale  des  Cheinins  de  Fer"  in 
January  and  March,  1898.  This  cost  is  aboiit  double  that  on  other 
roads,  b^^t  the  results  are  correspondingly  good,  the  creosoted  oak 
lasting  25  years,  and  the  creosoted  beech  being  estimated  to  last  30 
years  in  the  track,  as  evidenced  by  data  for  27  years,  these  data  also 
showing  that  untreated  oak  lasts  about  15  years. 

The  road  uses  "  Vignoles  "  or  foot  rails,  and,  as  already  intimated, 
fastens  them  to  the  ties  by  lag-screws.  Tarred  tie-plates,  of  animal 
felt,  have  heretofore  been  in  use,  but  are  now  replaced  by  creosoted 
poplar  tie-plates,  which  cost  less  than  1  cent  each,  and  are  said  to  be 
giving  jaerfect  satisfaction.  Two  dating  nails  are  driven  in  each  tie, 
one  at  the  works,  and  the  other  when  laid  in  the  track. 

Germany. 

By  far  the  largest  proportion  of  wooden  ties  laid  in  Germany  are 
home  grown,  and  almost  all  are  chemically  treated  before  laying.  The 
raw  ties  of  the  first  class  are  generally  8  ft.  10^  ins.  long,  10^  ins.  face 
and  6-1%  ins.  thick,  and  cost  ^1.32  to  $1.49  each  for  oak,  and  82  to  90 
cents  for  pine.  White  beech  costs  about  -SI. 00  per  tie,  and  red  beech 
is  in  controversy.  About  500  000  oak  ties  are  creosoted  annually,  and 
about  1  600  000  pine  ties  are  treated  annually  Avith  chloride  of  zinc 
and  creosote  for  the  Prussian  State  Railway,  the  whole  of  Germany 
probably  taking  about  doixble  those  quantities.  The  German  specifi- 
cations are  very  strict,  and  the  raw  ties  are  minutely  inspected.  If 
there  are  incipient  cracks,  a  sharpened  band  of  hoop  iron,  bent  into 
the  shape  of  an  g  is  driven  in,  and  the  ties  are  j)iled  up  in  isolated 
piles,  well  ventilated,  to  season  in  the  receiving  yards  at  the  treating- 
works.  There  they  remain,  with  casual  inspection  and  more  driving 
in  of  S-irons,  or  insei-tion  of  bolts  if  required,  from  8  to  12  months 
before  they  are  treated,  having  in  the  meantime  become  perfectly 
seasoned. 

At  the  beginning  of  the  "Railway  Era  "  each  railroad  company  in 
Germany  erected  its  own  works  and  treated  its  own  ties,  either  with 
corrosive  sublimate,  with  sulj^hate  of  coj^per,  with  chloride  of  zinc  or 
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with  creosote,  but  gradtially  there  was  an  evolution  which  curiously 
recalls  that  of  the  Pullman  Car  Company  in  the  United  States.  Mr. 
JuHus  Riitgers'  father,  who  had  learned  the  business  in  some  French 
tie-treating  works,  erected  a  plant  or  two,  took  his  son  in  with  him, 
and  did  so  much  better  work  than  the  railroads  did  for  themselves 
that  the  business  gradually  came  into  his  son's  hands.  At  the  present 
time,  Mr.  Riitgers  controls  some  twenty  plants,  while  the  Prussian 
State  Railroad  has  four,  and  there  are  five  moi"e  in  other  hands. 

The  general  officer  in  charge  of  maintenance  of  way  on  the  Prussian 
railways  told  the  writer  that  although  the  State  treated  ties  at  its  own 
works  somewhat  cheaper  than  Mr.  Riitgers,  yet  the  latter  had  so  much 
better  facilities  and  controlled  the  proper  quality  of  chemicals  so 
thoroughly,  that  it  was  jjreferred  to  give  him  most  of  the  work  by  con- 
tract, and  to  operate  the  State  plants  as  a  check.  The  original  reason 
seems  to  have  been  that  the  railways  which  did  their  own  work 
attempted  undue  economies  by  skimping  the  chemicals  and  employ- 
ing cheap  men,  while  Mr.  Rutgers  made  a  specialty  of  the  business. 

Corrosive  sublimate  and  sulphate  of  copjser  are  now  practically 
given  up  in  Germany,  and  the  State  Railway  also  abandoned  Burnet- 
tizing  or  the  injection  of  chloride  of  zinc  by  itself  in  1897.  There  are 
now  three  processes  in  use: 

(1)  Impregnation  with  chloride  of  zinc  and  tar-oil. 

(2)  Creosoting  after  seasoning  and  drying  in  ovens. 

(3)  Creosoting  after  desiccation  in  hot  tar-oil. 

The  latest  German  specification  (1898)  for  the  first  and  third  of  these 
processes  is  given  in  Appendix  C.  The  method  of  desiccating  in  hot 
creosote,  although  introduced  by  Mr.  Riitgers,  was  originally  projiosed 
by  Mr.  S.  B.  Boulton,  in  England,  in  1885. 

As  the  German  railways  did  not  answer  the  questions  of  Mr.  Herzen- 
stein,  no  such  tabular  statement  can  be  given  as  those  given  herein  for 
England  and  France,  but  through  the  kind  assistance  of  Mr.  Rutgers, 
of  Privy  Councillor  Wetz,  of  M.  F.  Holbein,  and  many  others,  the 
important  facts  were  gathered,  and  access  was  obtained  to  many  tie- 
treating  plants. 

The  most  notable  thing  in  Germany  is  the  painstaking  care  with 
which  every  operation  is  performed.  The  ties  are  not  treated  until 
they  are  thoroughly  seasoned,  this  generally  taking  six  months  to  one 
year  after  cutting  and  i^iHug  in  open  piles  in  the  yards,  most  of  which 
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yards  will  hold  one  year's  supply.  The  chemicals  are  tested  con- 
stantly, a  laboratory  being  attached  to  each  plant,  each  buggy  load  of 
32  ties  is  weighed  before  and  after  treatment,  to  make  sure  that 
the  ties  have  absorbed  enough,  and  every  little  while  each  individual 
tie  of  a  buggy  load  is  weighed,  in  and  out.  Thermometers  are  con- 
sulted constantly,  and  automatic  recording  gauges  preserve  a  diagram 
of  the  vacuum  and  pressures  attained,  as  well  as  of  their  duration;  the 
ties  are  allowed  to  dry  after  treatment  before  they  are  placed  in  the 
track,  and,  after  they  get  there,  well  bedded  in  deep  ballast,  further 
care  is  exercised  to  see  that  they  are  well  drained.  The  result  is  that 
ties  prepared  by  the  zinc-creosote  process,  mostly  pine,  now  last  from 
12  to  18  years,  and  creosoted  ties,  mostly  oak,  are  expected  to  last 
from  21  to  28  years.  In  past  time  it  was  not  always  thus,  some 
beech  ties  creosoted  having  perished  about  as  soon  as  some  ties 
injected  with  chloride  of  zinc  alone,  but  the  results  developed 
upon  the  roads  in  Alsace-Lorraine,  where  beech  ties,  creosoted  by 
the  French,  were  found  to  be  sound  after  21  years  of  exposure, 
have  again  brought  the  Germans  to  favor  the  use  of  beech  creosoted, 
there  being  a  sui'plus  of  that  timber,  heretofore  disesteemed,  in  the 
forests  of  that  country. 

An  able  j^aper  by  Mr.  A.  Schneidt,  formerly  Superintendent  of  the 
Alsace-Lorraine  Lines,  published  in  the  German  Railway  Organ  in  1896 
and  1897,  shows  that  the  chloride  of  zinc  undoubtedly  leaches  out  of 
the  ties  in  time,  and  he  advocates  the  creosoting  of  beech  wood,  either 
by  the  process  of  boiling  in  hot  oil,  or  by  the  zinc-creosote  process. 
He  shows  that  the  former  is  the  more  economical  of  the  two,  notwith- 
standing its  greater  cost,  taking  in  view  the  high  first  cost  of  the 
untreated  ties  in  Germany. 

The  prices  paid  in  Germany  for  treatment,  when  reduced  to  Amer- 
ican currency,  are  shown  in  Tables  Nos.  3  and  4. 

TABLE  No.  3. 


With  Zinc  Chloride. 

With  Zinc 

Creosote. 

Timber. 

1st  class.* 
Cents  per  tie. 

2d  class. 
Cents  per  tie. 

1st  class. 
Cents  per  tie. 

2d  class. 
Cents  per  tie. 

Pine 

15.60 

12.00 
18.80 

12.00 
9.12 
12.48 

19.20 
1.5.60 
20.40 

14.40 

Oak 

12.00 

Beech.            . .   . 

15.36 
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TABLE  No.  4. 


With  Creosote  and  Drying 
Oven. 

Boiling  in  Creosote. 

1st  class. 
Cents  per  tie. 

2d  class. 
Cents  per  tie. 

1st  class. 
Cents  per  tie. 

2d  class. 
Cents  per  tie. 

Pine 

53.76 
26.85 
56.64 

40.32 
20.16 
42.00 

56.64 

28.80 
59.28 

42.00 

Oak  

31.60 

44.40 

These  prices  are  based  upon  the  various  amounts  of  the  antisep- 
tics which  the  different  woods  absorb,  with  careful  work.  As  already 
stated,  treatment  mth  chloride  of  zinc  alone  has  been  given  up,  and 
boiling  in  creosote  is  growing  in  favor,  as  computations  of  annual 
charges  for  the  renewals  exhibit  the  fact  that,  notwithstanding  the 
higher  cost,  impregnation  with  tar-oil  is  the  most  economical,  in  the 
long  run. 

In  days  gone  by,  some  parties  asked  for  guarantees  before  having 
ties  treated  by  the  zinc-creosote  process,  and  in  such  cases  Mr.  Riit- 
gers  guaranteed  the  following  lives: 

Guarantee  A.                                                 Guarantee  B. 
95%"  to  last 10  years.  95%*  to  last 10  years. 

80%      "       11     "  75%  "  11  " 

10%      "      12     "  65%  "  12  " 

50%  "  13  " 

25%  "  14  " 

In  computing  the  resiilts,  5%  of  all  ties  treated  is  first  deducted,, 
to  cover  internal  diseases  which  even  the  strict  German  inspection 
cannot  detect,  and  the  guarantee  applies  on  the  remainder  alone,  Mr. 
Rlitgers  agreeing  to  make  the  deficit  good  to  the  extent  of  either- 
refunding  the  treatment  price  paid  i^er  tie,  or  treating  another  tie  free 
of  charge,  at  his  oijtion.  He  charges  extra  a  bonus  of  10  pf.,  or  2.40- 
cents,  a  tie  for  this,  and  in  the  case  of  Guarantee  B  an  extra  bonus  of 
10  pf. ,  or  2.40  cents,  a  tie  a  year,  for  every  year's  life  over  the  guaran- 
tee. In  point  of  fact  the  character  of  his  work  is  now  so  well  estab- 
lished that  his  customers  prefer  to  save  the  bonus  and  take  their  own 
chances  as  to  life  of  ties. 

Particular  attention  is  called  to  the  German  specifications  for  creo- 
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sote,  and  to  the  amoiiut  of  chloride  of  zinc   injected   in  connection 
therewith.     The  latter  amounts  to  .]  lb.  dry,  per  cubic  foot. 

The  leading  features  of  tie  treatment  in  Europe  are,  therefore,  the 
following: 

1.  Close  inspection  of  raw  ties,  rejecting  all  defects. 

2.  Thorough  seasoning  for  6  to  12  months  before  treatment. 

3.  Constant  testing  of  chemicals;  strength,  purity,  etc. 

4.  Injection  of  liberal  quantities  of  the  chemicals. 

5.  Minute  care  in  all  the  stages  of  impregnation. 

6.  Drying  the  ties  after  injection. 

7.  Methods  of  fastenings  superior  to  our  own. 

8.  Deep  ballast,  and  thorough  drainage. 

9.  Marking  with  dating  nails,  and  careful  records. 

United   States. 

Thus  it  appears  that  the  Europeans  are  now  getting  a  longer 
service  out  of  their  ties  than  is  obtained  in  the  United  States,  Mr. 
Curtis  having  shown,  in  his  paper*  read  before  this  Society  May  17th, 
1899,  that  an  average  life  of  10  to  12  years  is  being  obtained  by  the  use 
of  zinc  chloride  in  this  country.  It  would  be  possible  to  obtain  a  life 
of  15  to  30  years  by  the  use  of  creosote,  but  it  will  be  seen,  from  the 
figures  given,  that  this  would  cost  three  to  four  times  as  much  as  zinc 
chloride.  Thus,  at  present  prices,  it  would  cost  45  cents  each  to 
creosote  according  to  English  practice,  and  15  to  16  years'  life  would 
be  obtained;  it  would  cost  about  85  cents  each  to  creosote  after  the 
best  French  or  German  jiractice,  and  27  to  30  years'  life  would  be  ob- 
tained in  thoroughly  drained  ballast ;  but  it  would  not  be  economical 
to  spend  such  sums  upon  ties  costing  20  to  40  cents  each  untreated, 
while  it  is  economical  to  spend  them  upon  ties  costing  from  90  cents 
to  $1.50  each  abroad. 

We  must  be  content,  therefore,  either  to  allow  our  cheap  ties  to 
decay  in  the  good  old  way,  or  to  adopt  for  the  jjresent  some  of  the 
cheaper  and  inferior  methods  which  will  produce  shorter  lives  than 
obtained  in  Europe.  By  the  light  of  past  experience,  those  cheaper 
methods  may  be  said  to  be  three  in  number:  1st,  straight  Burnettiz- 
ing;  2d,  the  zinc-tannin  process,  and  3d,  the  zinc-creosote  process. 
*  Transactions,  Am.  Soc.  C.  E.,  Vol.  xlii,  p.  288. 
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The  writer  is  satisfied  that  the  zinc-tannin  process,  as  modified  by 
himself  in  1896,  is  superior  to  straight  Burnettizing,  and  that  the 
record  of  the  next  few  years  will  demonstrate  this,  yet  he  is  desirous 
of  doing  still  better  work,  and  he  went  abroad  chiefly  to  investigate 
the  zinc-creosote  in-ocess.  He  now  thinks  that  it  is  probably  superior 
to  the  zinc-tannin  process,  although  joart  of  the  greater  life  shown  by 
records  is  attributable  to  other  causes,  such  as  the  better  ballast  and 
drainage,  and  the  better  modes  of  fastening,  as  well  as  the  climatic 
conditions.  There  are,  however,  some  serious  difficulties  to  be  over-  . 
come  before  the  process  can  be  introduced  here.  Suitable  tar-oil,  as 
described  in  the  specifications  of  Appendix  3,  is  just  now  very  scarce 
and  high  in  price,  so  high  that  the  freight,  the  leakage  and  the  cost  of 
the  barrels  render  the  cost  almost  prohibitory.  The  writer  took  over 
with  him  two  samjiles  of  American  creosote  from  different  makers, 
and  had  them  analyzed  in  Berlin,  where  they  were  pronounced  by  Mr. 
Rutgers'  chemist  quite  unfit  for  tie  preserving  by  the  zinc-creosote 
process.  The  writer  brought  back  samples  of  the  German  tar-oil,  and 
is  now  endeavoring  to  procure  a  similar  product  in  this  country.  He 
is  also  investigating,  so  far  as  he  can,  the  merits  of  various  new  pro- 
cesses which  are  being  advanced  from  time  to  time,  with  the  hope  of 
finding  some  method  which  he  can  recommend. 

The  principal  dilemma,  with  reference  to  new  processes,  is  the  fact 
that  it  takes  half  a  business  lifetime  (15  to  18  years)  to  ascertain 
beyond  peradventure  whether  an  antiseptic  or  a  method  is  thoroughly 
efficient  to  preserve  ties  in  the  track;  yet  it  may  be  possible  by  isolat- 
ing the  bacteria  and  fungi  which  are  most  destructive  to  wood,  and 
inoculating  chips  and  shavings  with  the  cultures,  to  draw  some  ap- 
proximate conclusions  in  the  course  of  a  few  months.  Meanwhile,  it 
is  recommended  that  the  railroads  shall  give  trial  orders  to  the  various 
jjarties  who  offer  plausible  processes,  and  then  expose  the  treated  ties 
in  such  locations  as  admit  of  careful  record  and  watching  of  the 
results. 

The  principal  new  processes  are  as  follows: 

1.  The  Creo-Resitiate  Process. — This    process   was    described  in   a 

paper  presented  to  this  Society  by  F.  A.  Kummer,  Jun.  Am.  Soc.  C. 

E.,  on  June  6th,  1900.*     He  proposes  the  use  of  creosote  and  resin, 

both  preservative  substances,  to  which  a  small  percentage  of  formal- 

*  Proceedings,  Am.  Soc.  C.  E.,  May,  1900. 
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(leliyde  is  to  be  added.  It  may  be  questioned  whether  the  latter  vola- 
tile substance  will  stay  in  the  wood,  but  the  process  is  well  worth 
trying,  pro\'ided  sufficient  quantities  of  the  chemicals  are  injected. 

2.  The  Wnler- Creosote  Process. — This  consists  in  injecting  an  emul- 
sion of  creosote  and  Avater,  and  is  being  experimented  with  in  Berlin. 
The  writer  expects  to  have  sam^iles  sent  to  him  this  year. 

3.  The  Hasselmdu  Process. —This  consists  in  boiling  the  wood  in  a 
solution  of  the  sulphates  of  copper  and  iron,  with  alumina  and 
"  Kainit. "  It  possesses  the  merit  of  being  cheap,  and  some  ties  pre- 
pared in  that  way  have  now  been  three  years  in  the  yard  tracks  in 
Berlin.  "Works  have  been  started  at  Perth  Amboy,  N.  J. ,  to  work  this 
process. 

4.  The  Allardyce  Process. — This  consists  in  the  injection  of  chloride 
of  zinc,  followed  by  a  second  injection  of  tar-oil.  A  similar  process 
was  patented  by  the  late  J.  P.  Card,  Assoc.  Am.  Soc.  C.  E.,  in  1882, 
but  neither  he  nor  the  writer,  who  subsequently  became  his  partner, 
ever  succeeded  in  doing  good  and  regular  work  therewith,  notwith- 
standing many  experiments. 

5.  The  Naphthenic  Acid  Process. — This  consists  in  injecting  the  wood 
with  a  solution  of  coi3ijer  which  has  been  dissolved  in  an  acid  obtained 
by  a  peculiar  process  in  the  distillation  of  Kussian  petroleum.  It  is 
stated  to  be  theoretically  effective  and  cheap,  but  American  petroleum 
differs  so  much  from  the  Russian  in  chemical  constituents,  that  it 
is  yet  a  question  whether  the  naphthenic  acid  can  be  jaroduced  in 
this  country. 

Laboratory  tests  are  sometimes  misleading.  They  show,  for  instance, 
that  bichloride  of  mercury  and  sulphate  of  copper,  as  antiseptics,  are 
superior  to  chloride  of  zinc,  and  yet  the  latter  preserves  ties  better. 
So  with  carbolic  acid,  which  is  stated  by  Mr.  Boulton  to  be  less  effi- 
cient than  the  heavy  oils  of  creosote.  Such  criticism,  however,  does 
not  apply  to  the  laboratory  tests  of  the  strength  and  piirity  of  the 
materials  used,  and  there  are  three  features  of  the  European  j^ractice 
which  it  would  be  well  to  imitate  in  this  country.  They  are  the  fol- 
lowing: 

1.  The  careful  testmg,  chemically,  of  the  antiseptics  to  be  injected. 

2.  The  uniform  injection  of  the  wood  with  stated  and  liberal  quan- 
tities of  the  antiseptics. 

3.  The  adequate  seasoning  of  the  wood  before  treatment.     This  is 
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now  generally  neglected  in  tlie  United  States,  and  yet  it  is  the  most 
imi^ortant  reqiiirement  in  obtaining  good  results,  for,  otherwise,  the 
antiseptic  will  not  be  uniformly  distributed,  and  some  portions  of  the 
ties  will  decay  before  others. 

Originally,  at  the  works  of  the  writer,  ties  were  treated  in  the  order 
of  their  arrival,  and  without  regard  to  their  condition.  The  result  was 
that  in  6  or  7  years  some  were  found  to  decay  much  in  advance  of 
others.  Experiments,  made  by  weighing  considerable  numbers  of  indi- 
vidual ties  before  and  after  treatment,  disclosed  the  fact  that  there 
were  great  differences  in  the  absorption,  and  in  later  years  arriving  ties 
have  been  tested,  sorted  out,  and  seasoned  in  case  of  need,  so  as  to 
obtain  uniformity  of  treatment,  with  the  result  that  the  average 
absorption  of  chloride  of  zinc  is  now  two  and  one-half  times  as  much 
as  it  was  14  years  ago. 

From  his  experience,  the  writer  is  satisfied  that  if  the  ties  are 
injected  with  reasonable  uniformity  and  with  the  equivalent  of  J  lb.  of 
dry  zinc-chloride  to  the  cubic  foot,  as  is  done  in  Germany,  straight 
Burnettizing  makes  them  last  10  to  12  years  in  the  track,  with  ordin- 
ary exposure;  while  perhaps  half  of  that  quantity  will  produce  the 
same  result  in  the  more  arid  regions  of  the  United  States;  that  the 
new  zinc-tannin  process  will  impart  to  them  a  life  of  12  to  14  years, 
and  the  zinc-creosote  process  may  extend  this  to  14  or  16  years. 

It  cannot,  however,  be  too  strongly  insisted  upon  that  the  work 
must  be  well  and  skillfully  done,  for,  otherwise,  the  results  are  sure 
to  be  disappointing. 
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LONDON,  BRIGHTON  AND  SOUTH  COAST  RAILWAY 
COMPANY. 


Specification  and  Conditions  op  Conteact  fok  Creosoted  Redwood 

Sleepees. 

1.  This  proiaosed  contract  is  for  tlie  supply  and  delivery  of 

sleepers  at  Deptford  Wharf, 

sleepers  at  Newhaven  Wharf, 

or  any  less  number  that  the  Directors  may  decide  to  accei)t. 

2.  The  dimensions  are  to  be  the  customary  9-ft.  length  (say  8H  ft.) 
10  by  5  ins.  rectangiilar,  cut  from  square  blocks  out  of  which  neither 
more  nor  less  than  two  sleepers  can  be  sawn  (no  centers  will  be 
accepted). 

3.  The  quality  shall  be  the  best  Baltic  redwood  fir  in  good  condi- 
tion, free  from  shakes,  dead  knots,  and  other  defects. 

4.  Sixty  per  cent,  of  the  sleei)ers  to  have  on  one  side  a  flat  surface 
not  less  than  9  ins.  wide  throughout  the  length,  and  the  remainder  to 
have  on  that  side  a  flat  surface  not  less  than  8  ins.  wide  throughoiit  the 
length.  All  sleej)ers  to  have  a  flat  surface  not  less  than  10  ins.  wide  on 
the  other  side  with  sharp  edges  throughout  the  length. 

5.  Ninety  per  cent,  of  the  sleepers  to  have  not  less  than  Si  ins.  and 
the  remainder  not  less  than  7  ins.  diameter  of  heart  at  both  ends. 

6.  The  blocks  from  which  the  sleepers  are  cut  must  be  of  last 
autumn's  deflotation  at  the  port  of  shipment;  any  delivered  of  an  ear- 
lier deflotation  will  be  rejected. 

7.  The  sleepers  are  to  be  cut  and  stacked  from  four  to  six  months 
(or  until  they  are  considered  sufficiently  dry  by  the  Company's  Engi- 
neer or  his  Inspector)  before  they  are  creosoted.  They  are  to  be  adzed 
to  a  true  plane  for  a  width  of  17  ins.  at  each  end  for  the  chair  seating, 
and  40%',  or  such  other  percentage  as  may  be  required,  are  to  be  bored 
with  eight  holes,  namely,  two  IJ  ins.  diameter  at  each  end  (for  tre- 
nails) and  two  ^  in.  diameter  at  each  end  (for  spikes).  A  template, 
showing  the  position  of  these  holes,  will  be  provided  by  the  Company, 
and  the  Contractors  must  bore  the  holes  exact  to  it,  and  perfectly  true 
through  the  sleepers. 

8.  The  sleepers  will  be  inspected  at  the  Contractor's  wharf  before 
being  creosoted,  and  the  Engineer  shall  have  jsower,  personally  or  by 
deputy,  to  reject  any  sleepers  he  may  consider  inferior,  either  in  qual- 
ity of  timber  or  from  any  deviation  from  the  specification,  and  his 
decision  in  the  matter  shall  be  final. 
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9.  The  sleepers,  when  sufficiently  dry,  are  to  be  placed  in  a  wrought- 
iron  cylinder,  and  when  closed  a  vacuum  is  to  be  created  by  air-pumps. 
The  creosote,  at  a  temperature  of  120°  Fahr. ,  is  to  be  allowed  to  enter 
the  exhausted  cylinder,  and  afterward  maintained  ,there  by  jjumping 
at  a  pressure  of  not  less  than  120  lbs.  to  the  square  inch.  The  sleepers 
are  to  be  kept  under  this  pressure  until  each  sleeper  has  absorbed  at 
least  3  galls,  of  creosote  on  the  average,  the  quantity  to  be  ascertained  by 
weighing.*  Any  charge  of  sleepers  not  giving  the  average  impregna- 
tion of  at  least  3  galls,  to  be  returned  to  the  cylinder  for  further  treat- 
ment. 

10.  The  creosote  to  be  a  pure  coal-tar  distillate  of  the  very  best 
quality,  free  from  water  and  all  impurities,  and  on  analysis  to  give  the 
following  results : — 

To  be  entirely  liquid  at  a  temperature  of  120°  Fahr.,  and 
remain  so  on  cooling  to  93  degrees. 

To  contain  not  less  than  25 'V  of  constituents  that  do  not  dis- 
til over  at  a  temperature  of  600°  Fahrenheit. 

To  yield,  to  a  solution  of  caustic  soda,  not  less  than  6%  by 
volume  of  tar  acids. 

The  specific  gravity  at  90  ^  Fahr.  to  range  between  1.040  and 
1.065,  water  being  taken  as  1.000  at  the  same  temperature. 

11.  The  Contractor  is  to  supj)ly  a  copy  of  the  analysis  of  each 
delivery  of  the  creosote  oil  used,  in  the  terms  of  the  Specification,  and 
the  Engineer  shall  be  at  liberty  to  take  samples  of  the  oil  from  time 
to  time  and  have  the  same  tested,  the  Contractor  isayingthe  cost  of  the 
analysis  to  the  extent  of  one  analysis  for  each  10  000  sleepers.  Any 
additional  analysis  to  be  made  at  the  Company's  expense. 

12.  Delivery  shall  be  made  alongside  the  Company's  New  Haven 
and  Dejjtford  Wharves,  at  either  of  the  rates  mentioned  below,  at  the 
option  of  the  Company's  Storekeeper,  until  the  Contract  is  completed. 
Delivery  at  Deptford  will  be  taken  by  open  barges  containing  not 
more  than  1  800  sleepers  each.  The  craft  to  take  regular  turns  for  dis- 
charging, and  conform  to  the  regulations  of  the  Company's  wharves: — 

At  Deptford — To  commence and 

continue  at  the  rate  of sleepers  per  week. 

At  Newhaven — To  commence and 

continue  at  the  rate  of sleepers  per  week. 

13.  Should  the  Contractor  fail  to  deliver  the  sleepers,  or  any  por- 
tion of  them,  as  stipulated  in  Condition  No.  12,  the  Directors  may 
cancel  the  Contract  or  the  residue  thereof,  and  obtain  other  supplies 
in  such  manner  as  they  think  fit,  and  the  Contractor  shall  pay  to  the 
Company  any  extra  cost  and  expenses  incurred  by  such  failure,  or  the 

*  In  practice  one  trolley  is  weighed  out  of  each  charge.— O.  C. 
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Directors  may  deduct  the  amount  from  any  sum  then  due  or  becoming 
dtie  to  the  Contractor. 

14.  The  shipping  port  or  ports  must  be  named  in  the  Tender;  and 
if  more  than  one  port,  the  number  of  sleepers  proposed  to  be  shipped 
at  each  poi-t  must  also  be  given.  Bills  of  lading  to  be  produced  by  the 
Contractor  when  required. 

15.  The  price  per  sleeper  is  to  include  every  charge  except  wharf- 
age and  landing  at  the  Company's  wharves. 

16.  For  sleepers  delivered  and  approved  during  one  month,  pay- 
ment will  be  made  at  the  Company's  next  monthly  pay  day  by  cash, 
less  2J3V  discount,  provided  the  Company  have  no  claim  on  the  Con- 
tractor as  specified  in  Condition  No.  13.  In  case  of  any  dispute  aris- 
ing between  the  Contractor  and  the  Company  or  their  agents  as  to  the 
meaning  of  any  of  the  terms  and  conditions  of  this  Contract,  the 
decision  of  the  Company's  Engineer  shall  be  final  and  binding  upon 
all  parties. 

17.  The  Contractor  shall,  if  required,  enter  into  and  sign  a  formal 
Contract  with  the  Directors,  and  find  good  and  sufiicient  surety  to 
guarantee  its  proper  fulfilment;  the  expense  of  such  Contract  and 
Bond  to  be  paid  by  the  Company. 

18.  The  Directors  do  not  bind  themselves  to  accept  the  lowest  or 
any  Tender. 

19.  The  Tenders  are  to  be  returned  by  post,  addressed  to  "The 
Secretary,  L.,  B.  &  S.  C.  R.,  London  Bridge,  S.  E.,"  and  must  reach 

him  not  later  than  first  post  on 

endorsed  on  the  outside  cover  "  Tender  for  Sleepers." 

Signed, 


Storekeeper. 
Genekal  Stores  Office, 
New  Ckoss,  S.  E. 
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NORTHEEN     RAILWAY     COMPANY, 
FRANCE. 


SPEcrpiCATioNS. — 1893. 

For  furnishing  beech  ties  of  usual  shajje,  creosoted  by  the  new 
"Blythe"  process,  called  Thermo-Carbolization. 

Article  1. — The  present  sjieciflcations  refer  to  the  furnishing  of 
ordinary  ties  for  the  extension  and  maintenance  of  tracks  upon  the 
Comjjany's  various  lines. 

Article  2. — The  ties  shall  be  of  beech,  creosoted  by  the  new 
"Blythe"  process  (called  Thermo-Carbolization). 

Article  3. — The  ties  shall  be  rectangular,  or  jaresent  one  of  the 
sections  shown  in  Figs.  1  and  2. 


rainimum  7.5  to  9  ins.— - 


urn  10.3  ins. ?• 


Fig.  1. 


Fig.  2. 


The  toi3  and  bottom  faces  shall  be  sawed,  the  sides  may  be  hewed. 

The  bottom  face,  which  rests  on  the  ballast,  shall  be  square  edged; 
the  two  lateral  sides  shall  be  without  wane,  for  a  minimum  height  of 
2  ins.  The  top  face  shall  be  at  least  4.4  ins.  wide  in  the  middle,  and 
for  the  whole  length  of  the  tie. 

The  minimum  dimensions  of  the  ties  shall  be  as  follows: 

Length  (2.60  m.) 8.53  ft. 

Width  (0.26  m.) 10.2    ins. 

Thickness  (0.13  m.) 5.1      " 

Article  •^.— The  ties  shall  be  practically  straight.  If  bowed  side- 
ways the  incurvation  shall  not  be  more  than  -.h^  of  the  whole  length. 
All  ties  will  be  rejected  whose  bottom  face  is  longitudinally  bowed, 
being  either  convex  or  concave. 

The  ties  shall  be  sawed  oflf  square  at  the  ends. 

Article  5. — The  beech  wood  must  be  perfectly  sound  and  of  the 
best  quality.     It  shall  be  neither  heart-shaken,  nor  frost-split,  nor 
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brashy,  nor  worm-eateu.  It  shall  be  exempt  from  doziness,  rotten 
knots,  cracks,  splits,  bad  knots,  red-heart  or  any  other  defect.  The 
trees  shall  be  felled  between  the  1st  of  November  and  the  end  of 
March.  They  shall  be  worked  up  into  ties  continuously,  which  work 
shall  be  completed  by  the  end  of  April.  Timber  will  be  refused  which 
has  been  felled  before  the  1st  of  November,  or  not  worked  up  before 
May  1st. 

All  the  ties  shall  be  completely  barked.  As  fast  as  the  ties  are  made 
they  must  be  piled  iip  carefully,  cob-fashion.  The  Chief  Engineer  of 
the  Company  reserves  the  right  of  putting  on  inspectors  to  follow  up 
the  felling  and  manufacture  of  the  ties  at  various  points. 

Article  6. — The  untreated  ties  will  all  be  most  carefully  inspected,, 
both  as  to  qiTality  and  dimensions.  Those  accepted  will  be  stamped 
at  the  ends  with  the  Comjiany's  marking  hammer. 

All  the  sticks  with  any  dimensions  less  than  the  limits  stated  in 
Article  8  will  be  rejected.  Those  with  greater  dimensions  than 
required  may  be  accepted,  but  no  allowance  will  be  made  for  over- 
size, the  ties  being  purchased  by  the  piece,  and  not  by  the  cubic 
meter. 

If  a  tie  of  good  quality,  and  otherwise  acceptable,  shows  a  crack 
likely  to  spread  open,  the  Contractor  shall  bolt  the  two  parts  together,, 
or  insert  an  S  in  the  end,  at  his  own  expense.  Every  tie  split  open  at 
the  end  for  its  whole  width  or  thickness  shall  be  rejected. 

The  rejected  ties  will  be  left  on  the  hands  of  the  Contractor  at  the 
point  of  inspection;  they  will  be  so  marked  as  to  preclude  them  from 
being  again  offered  for  inspection. 

Article  7. — The  untreated  ties  must  be  well  seasoned  before  prepa- 
ration, and,  so  far  as  possible,  adzed  and  bored  by  the  Company,  to  fit 
the  rails  and  the  lag  screws.  The  seasoning  will  be  tested  by  weighing 
a  number  of  ties  haphazard.  The  weight  of  the  timber,  thus  ascer- 
tained, must  not  be  more  than  46.7  lbs.  per  cubic  foot. 

Article  8. — The  ties  will  be  injected  with  creosote  by  the  new 
"  Blythe  "  process,  called  "  Thermo-Carbolization."  In  this  process 
the  ties  are  subjected  to  the  two  following  operations: 

1.  They  are  enclosed  in  a  cylinder  of  boiler  plate  and  subjected  to 
a  current  of  steam  mixed  with  creosote  oil  vapor  for  a  length  of  time 
sufficient  to  insure,  during  the  second  operation,  the  absorjition  of  the 
prescribed  quantity  of  creosote. 

2.  The  cylinder  containing  the  ties  is  then  filled  with  a  sufficient 
quantity  of  crude  ci'eosote.  This  liquid,  maintained  at  a  temperature 
of  at  least  140^  Fahr.,  is  compressed  in  the  cylinder  by  steam  to  five 
atmospheres  from  the  generator,  during  a  sufficient  length  of  time  so 
that  the  total  quantity  of  creosote  injected  into  the  wood,  both  as  a 
vapor  and  as  a  liquid,  shall  be  at  least  24.4  lbs.*  per  tie. 

*  Since  increased  to  35.3  lbs.  per  tie. 
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If  the  Engineer  of  the  Company  deems  it  advisable  to  increase  this 
quantity  of  creosote,  the  Contractor  will  comply  with  the  indications 
which  he  may  receive  relating  thereto. 

Article  9. — The  creosote  shall  consist  of  the  mixture  of  volatile  prod- 
ucts heavier  than  water  distilled  from  coal-tar  produced  by  gas- 
works. It  shall  contain  at  least  i!>%  of  carbolic  acid,  or  of  analogous 
products  soluble  in  caustic  soda.  It  shall  be  entirely  soluble  in  ben- 
zine, and  completely  liquid  at  a  temperature  of  122°  Fahrenheit.  It 
must,  moreover,  conform  to  the  samples  which  the  Contractor  shall 
submit  to  the  Company's  Engineer. 

The  Contractor  shall  specify  from  what  gas-works  each  shipment 
of  creosote  is  received. 

Article  10. — The  Company  shall  take  cognizance  of  all  the  opera- 
tions relative  to  the  inspection  of  the  Avood,  through  an  inspector  ap- 
pointed by  the  Chief  Engineer.  Such  Inspector  shall  satisfy  himself 
as  to  the  thorough  application  of  the  "Blythe"  process,  shall  keeja 
accounts  of  the  wood  injected,  and  shall  verify  the  results  of  the  in- 
jection. He  will  report,  upon  a  special  blank,  the  following  points 
for  each  operation : 

1.  The  length  of  time  of  application  of  the  mixed  steam  and  oils 
coming  from  the  vajjorizer,  as  well  as  the  final  pressure  in  this  opera- 
tion, which  must  be  at  least  five  atmospheres. 

2.  The  time  occupied  in  filling  the  cylinder  with  crude  creosote, 
the  final  j^ressure  and  the  quantity  of  liquid  absorbed  during  this 
operation. 

3.  The  quantity  of  crude  creosote  introduced  in  the  vaporizer  and 
in  the  lower  reservoir.  This  quantity  shall  not  be  less,  for  ten  con- 
secutive operations,  than  an  average  of  24.2  lbs.  per  tie  injected. 

4.  Finally,  the  inspector  shall  keep  an  exact  account  of  the  total 
quaatity  of  creosote  which  the  Contractor  shall  receive  at  the  works 
for  injection,  so  as  to  check  the  amount  of  liquid  absorbed  during 
each  season's  work. 

The  Chief  Engineer  of  the  Company  reserves,  moreover,  the  right 
of  using  any  other  checks  which  he  may  deem  desirable  to  control 
the  quantity  of  creosote  injected  into  the  wood,  either  as  a  mixture 
of  vapors  or  in  the  liquid  state. 

The  royalties  to  be  paid  to  Mr.  Blythe  or  others  for  the  use  of  the 
patents,  etc. ,  will  be  at  the  sole  charge  of  the  Contractor,  who  guaran- 
tees the  Company  against  any  claim  of  this  nature. 

All  experiments  made  by  the  Company  to  ascertain  whether  the 
creosote  is  of  good  quality,  and  if  the  injection  of  the  wood  is  com- 
plete, shall  be  at  the  charge  of  the  Contractor. 

Article  11. — Upon  being  withdrawn  from  the  cylinder  the  ties  shall 
be  inspected  one  by  one  in  order  to  ascertain  whether  the  injection  is 
homogeneous  and  whether  the  quantity  of  24.2   lbs.  has  been  duly 
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absorbed  by  each.  This  last  verification  shall  be  effected  as  described 
in  Section  3  of  Article  10. 

Such  ties  as  may  be  incompletely  injected,  a  fact  which  shall  be 
established  by  cnttiug  into  them  with  a  gouging  adze,  shall  be  sub- 
jected to  a  second  operation,  or  even  to  a  third,  after  which  they  may 
be  declared,  in  case  of  need,  as  unfit  for  injection,  and  finally  rejected, 
as  well  as  those  ties  which  may  be  deformed  by  the  action  of  heat  in 
the  cylinder. 

The  Contractor  shall  make  no  extra  charge  for  these  repeatings  of 
treatment,  and  shall,  moreover,  either  insert  a  bolt  or  an  S  into  ^^J 
tie  which  shall  split  diiring  the  treatment. 

The  ties  accepted  shall  be  counted  and  either  immediately  loaded 
on  cars  or  piled  up  at  some  point  designated  by  the  Company's  agent. 
The  ties  rejected  shall  receive  a  special  mark  at  the  rail  seat  and  will 
be  piled  at  special  points  to  be  indicated  to  the  Contractor.  These 
ties  shall  only  be  taken  away  upon  authority  given  by  the  Engineer 
of  the  ComiJany,  who  may  hold  them  until  the  season's  contract  is 
fi.lled,  so  as  to  avoid  their  being  again  presented  for  inspection  by 
agents. 

Article  12.* — The  final  acceptance  of  the  ties  shall  only  take  place 
six  months  after  the  full  delivery  of  the  season's  contract. 

Until  this  final  acceptance  the  Company  reserves  the  right  of  reject- 
ing any  ties  which  may  possess  defects  not  detected  upon  a  first  in- 
spection, or  which  may  split  by  reason  of  a  bad  quality  of  wood. 

The  ties  so  rejected  will  be  surrendered  to  the  Contractor  at  the 
point  of  delivery,  who  shall  either  deduct  them  from  his  bill  or  furnish 
other  ties  if  required  by  the  Company. 

Article  13. — The  Contractor  shall  be  governed,  save  in  such  modifi- 
cations as  result  from  the  present  sj^ecifications,  by  the  clauses  and  gen- 
eral conditions  imposed  upon  contractors  doing  work  for  the  Northern 
Railway  Company,  through  the  Rules  drawn  up  September  26th,  1892, 
by  the  Chief  Engineer  of  the  Fonts  et  Chaussees,  Chief  Engineer  of 
Maintenance  of  Way,  approved  October  21st,  1892,  by  the  Executive 
Committee  of  said  Company,  and  registered  in  Paris  the  28th  of  the 
same  month. 

*  The  same  contractor  furnishes  the  ties  and  treats  them. 
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IMPEEIAL  RAILWAYS  OF  ALSACE-LORRAINE, 
GERMANY. 


Speciptcations  fob  Impregnating  Wooden  Railroad  Ties.  — 1898. 

Section  1. — For  i^ine  ties,  the  imi^regnating  fluid  is  a  solution  of 
chloride  of  zinc  witli  an  addition  of  coal-tar  oil  containing  carbolic 
acid;  for  beech  or  oak  ties  hot  coal-tar  oil  containing  carbolic  acid 
must  be  used. 

Section  2. — The  process  of  impregnating  by  chloride  of  zinc  solu- 
tion, with  addition  of  coal-tar  oil  containing  carbolic  acid,  is  divided 
into  three  parts. 

1.  Steaming  of  the  ties. 

2.  Production  of  a  partial  vacuum  and  admission  of  the  imj)reg- 

nating  fluid. 

3.  Compression  (forcing  in)  of  the  impregna.ting  fluid. 

The  ties  are  loaded  on  iron  cars,  which  are  pushed  into  the  im- 
pregnating cylinder,  this  is  closed  air-tight,  and  they  are  exposed  to 
the  action  of  steam;  steaming  is  continued  for  a  longer  or  shorter 
period,  according  to  the  time  of  year  and  the  condition  of  the  ties. 
The  admission  of  steam  into  the  impregnating  cylinder  must  be  regu- 
lated in  such  manner,  that  an  inside  jjressure  of  1.5  atmospheres  (22 
lbs.  per  square  inch)  above  air  pressure  is  reached  within  30  minutes. 
For  dry  ties  it  will  suffice  to  maintain  this  pressure  in  the  imjjregnat- 
ing  cylinder  for  30  minutes  longer,  but  for  green  ties  it  should  be  kept 
up  for  another  hour.  For  dry  ties,  therefore,  the  steaming  takes  at 
least  1  hour,  while  for  green  ties  at  least  1^  hours  are  necessary.  A 
gauge  attached  to  the  cylinder  indicates  existence  of  the  specified 
pressure.  The  valve  at  the  bottom  of  the  cylinder  must  be  opened 
on  admitting  the  steam,  in  order  that  the  air  contained  in  it  may  be 
driven  out,  but  should  be  closed  when  steam  begins  to  blow  out. 
This  valve  should  be  oj)ened  repeatedly,  as  fast  as  steam  condenses; 
open  it  at  least  every  half -hour  to  draw  off  the  water,  and  for  the 
last  time  just  before  exhausting  the  air.  When  steaming  is  finished, 
the  steam  remaining  in  the  impregnating  cylinder  is  allowed  to 
escape. 

After  steam  is  discharged  a  partial  vacuum  is  produced  in  the 
cylinder  containing  the  ties,  until  the  vacuum  gauge  shows  at  the 
least  a  column  of  mercury  of  60  cm.  (23.6  ins.);   this  partial  vacuum 
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must  be  maiutained  for  ten  niinntes.  On  expiration  of  this  time, 
while  continually  preserving  the  partial  vacuum,  allow  the  imj^regnat- 
iug  fluid,  which  meanwhile  has  been  prepared  in  a  separate  vessel  and 
heated  to  at  least  65^  Cent.  (149-  Fahi*.),  to  enter  the  impregnating 
cylinder,  filling  it  entirely.  To  prepare  the  impregnating  fluid,  add 
while  heating,  1  kgr.  of  coal-tar  oil  to  every  15  kgr.  {&§%)  of  the  solu- 
tion of  zinc  chloride. 

To  insure  as  perfect  a  mixture  of  the  solution  of  zinc  chloride  with 
the  coal-tar  oil  as  possible,  an  eS'ective  stirring  apparatus,  combined 
with  injection  of  steam  and  air,  must  be  applied. 

Next,  a  pressure  pump  is  used  to  exert  an  excess  of  seven  atmos- 
pheres above  air  pressure.  This  jsressure  to  be  maintained  for  not 
less  than  30  minutes;  if  necessary,  continue  it  for  a  longer  time, 
until  the  ties  have  absorbed  a  certain  amount  of  impreg-nating  fluid  as 
specified  hereafter.     The  impregnating  fluid  is  then  run  off. 

The  chloride  of  zinc  solution  intended  for  imjjregnating  must  be 
/as  nearly  as  possible  free  from  foreign  substances,  and  there  must  be 
no  free  acid.  An  admixture  of  other  metals,  notably  iron,  can  only 
be  allowed  in  a  very  slight  percentage  and  only  if  it  cannot  be  avoided 
in  the  manufacture.  The  solution  must  have  a  strength  of  3.5° 
Beaume  =  1.0244  specific  gravity  at  a  temperature  of  15°  Cent.  (59° 
Fahr. ).     The  solution  contains  l.W%  of  metallic  zinc. 

The  coal-tar  oil  used  must  not  contain  over  1%  of  oils  that  boil 
below  125°  Cent.  (257°  Fahr.).  It  must  be  so  little  volatile  that 
its  boiling  point  lies  mainly  between  150°  and  400°  Cent.  (302°  and 
752°  Fahr.).  In  no  case  is  it  permissible  to  have  more  than  25"^^  of  its 
weight  volatilized  below  235°  Cent.  (455°  Fahr.).  It  must  contain  at 
least  20  to  25%  of  acid  substances  (creosote  or  oils  resembling  carbolic 
acid)  that  are  soluble  in  caustic  lye  of  soda  of  1.15  specific  gravity. 
The  coal-tar  oil  must  be  entirely  liquid  at  +  15°  Cent.  (.59°  Fahr.), 
and  as  much  as  possible  free  from  naphthaline,  so  that  on  evaporation 
(fractional  distillation)  produced  in  a  glass  vessel  in  groups  of  50° 
each,  it  shall  leave  a  residue  of  not  more  than  5%  of  naphthaline.  Its 
specific  gravity  should  not  be  less  than  1.020  at  a  temperature  of  -f 
15°  Cent.  (59°  Fahr.)  and  should  not  exceed  1.055.  To  remove  such 
impurities  from  the  impregnating  fluid  as  are  due  to  the  process, 
suitable  settling  (clarifying)  ajjparatus  should  be  provided. 

The  Contractor  is  required  to  report  where  he  obtains  his  supi)lies 
of  zinc-chloride  sohition  and  of  coal-tar  oil,  intended  for  use,  and  to 
furnish  samples  of  the  same  to  the  Supply  Office  of  the  Imperial  Rail- 
ways at  Strassburg  in  Alsace  before  commencing  to  impregnate.  He 
will  be  permitted  to  purchase  the  solution  of  zinc  chloride  and  the 
carbolized  oil  of  coal-tar  only  from  such  factories  whose  samples  have 
been  approved  by  the  Management  of  the  Railways.  The  Railway 
Management  reserves  the  right  to  test  the  fluids  used  at  any  time. 
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It  is  specified  that  the  average  absorption  of  impregnating  fluid 
contained  in  every  charge  of  the  cylinder  shall  be  the  following: 

A.  Absorption  of  35  kgr.  (77  lbs.)  for  each  tie  of  the  first  class, 

length  of  2.70  m.  (8.85  ft.). 

B.  Absorption  of  26  kgr.  (57  lbs.)  for  each  tie  of  the   second 

class,  length  of  2.50  m.  (8.2  ft.). 

C.  Absorption  of  310  kgr.    per  cubic  meter  (19  lbs.  per  cubic 

foot*)  for  ties  of  other  dimensions. 

To  determine  the  amount  of  impregnating  fluid  absorbed  by  the 
ties,  the  following  method  must  be  adopted : 

Weigh  all  ties  on  a  platform  scale  i:)laced  under  roof  immediately 
before  steaming  them,  and  again  after  impregnating  when  dripping 
has  ceased.  The  difference  in  weights  equals  amount  of  impregnating 
fluid  absorbed.  A  deduction  of  15  i3fennigs  per  10  kgr.  (16  cents  per 
100  lbs.)  will  be  made  for  shortage  shown  by  this  weighing  test.  In 
case  the  shortage  amounts  to  more  than  one-sixth  of  the  absorption 
specified,  the  imjaregnation  must  be  repeated.  If,  on  the  other  hand, 
the  weighing  shows  that  the  ties  have  absorbed  more  than  the  amount 
specified,  a  bonus  of  15  pfennigs  for  every  10  kgr.  (16  cents  j^er  100 
lbs.)  will  be  paid  for  such  increase,  up  to  a  maximum  of  15  per  cent. 

Section  3. — The  work  of  impregnating  with  hot  carbolized  oil  of 
coal-tar  [i.  e. ,  oil  of  coal-tar  containing  carbolic  acid)  must  be  divided 
into  two  parts. 

1.  Drying  of  the  ties,  /.  e. ,  withdrawing  water  from  them. 

2.  Introduction  of  oil  of  coal-tar  under  jsressure. 

The  ties  are  run  into  the  impregnating  cylinder  and  this  is  closed 
air-tight.  Ne.xt,  a  partial  vacuum,  equal  to  at  least  60  cm.  (23.6  ins.) 
column  of  mercury,  is  produced  in  the  impregnating  cylinder  and 
maintained  for  10  minutes,  and  thereupon,  while  keeping  up  the 
vacuiim,  the  hot  oil  of  coal-tar  is  made  to  flow  in  until  it  rises  to  a 
level  that  will  prevent  sucking  over  by  the  air  pumps.  The  flowing 
in  of  the  coal-tar  oil  may  be  accomplished  all  at  once  or  at  intervals, 
according  to  the  dryness  of  the  ties.  While  thus  filling  up,  and  after- 
ward, the  coal-tar  is  heated  up  inside  the  cylinder  to  at  least  105° 
Cent.  (221°  Fahr.),  but  not  higher  than  11&^  Cent.  (239°  Fahr.),  by 
means  of  steam  coils.  This  heating  should  be  accomplished  during  a 
space  of  time  of  not  less  than  3  hours.  When  this  temperature  is 
reached  in  the  imj^regnating  cylinder,  it  must  be  kept  up  for  another 
hour,  either  with  or  without  the  partial  vacuum,  as  may  be  judged 
necessary,  in  order  that  the  ties  may  absorb  the  sisecified  amount  of 
oil  of  coal-tar. 

The  impregnating  cylinder  is  connected  with  a  pipe  condenser  from 
the  instant  that  filling  with  hot  coal-tar  oil  commences,  and  all  the 

*.3.5°  B.  corresponds  to  2.62V  dry  zinc  chloride.  Hence,  19  X  2.62;i'  amounts  to  0.498 
lb.  of  dry  zinc  chloride  per  cubic  foot. — O.  C. 


Papers.]    CHANUTE   ON   PRESERYATIOK   OF   EAILWAT   TIES,  925 

aqueous  vapors  driven  out  of  the  ties  are  condensed  in  this,  the  water 
being  carried  to  a  tank.  This  receiver  must  have  a  water  gauge  from 
which  one  can  read  off  the  amount  of  water  evaporated  from  the  ties. 

After  the  drying  of  the  ties  or  the  extraction  of  water  from  them  is 
finished,  the  impregnating  cylinder  is  filled  completely  and  the  press- 
ure pump  started,  which  must  iiroduce  a  pressiire  of  at  least  7  atmos- 
pheres. This  jiressure  is  to  be  maintained  for  at  least  30  minutes  in 
treating  beech  ties  and  60  minutes  for  oak  ties,  unless  it  proves  neces- 
sary to  prolong  the  time  to  obtain  the  amount  of  absorption  specified. 
The  oil  of  coal-tar  is  then  drawn  off. 

The  coal-tar  oil  used  must  be  heavy  oil,  derived  from  the  distillation 
of  coal-tar,  of  greenish  black  color,  specific  gravity  of  1.045  to  1.100  at 
15°  Cent.  (59°  Fahr.),  boiling  point  between  150^  and  400^  Cent.  (302o 
and  752^  Fahr.). 

While  making  fractional  distillation  no  oils  must  pass  over  below 
150°  Cent.  (302^  Fahr.)  and  not  more  than  25%  of  the  volume  at  tem- 
perature up  to  235°  Cent.  (455°  Fahr.). 

The  coal-tar  oil  must  contain  by  volume  at  least  lOj*^  of  carbolic 
acid  and,  at  a  temperature  of  15°  Cent.  (59°  Fahr.),  miast  be  free  from 
naphthalene  and  show  no  sediment. 

To  determine  percentage  of  carbolic  acid  apply  agitation  to  the  oils 
heated  to  400°  Cent.  (752°  Fahr. )  with  a  caustic  solution  of  soda  having 
specific  gravity  of  1.15.  The  difference  in  volume  of  oil  before  and 
after  agitation  gives  percentage  of  carbolic  acid. 

The  Contractor  is  required  to  state  source  of  supply  for  his  coal-tar 
oil  and  to  furnish  samples  to  the  Sujaply  Office  of  the  Imperial  Rail- 
ways at  Strassburg  before  he  commences  work  of  impregnation.  The 
coal-tar  oil  can  only  be  purchased  from  factories  whose  samples  have 
been  ajsproved  by  the  Kailway  Management.  The  Railway  Manage- 
ment reserves  the  privilege  of  at  any  time  testing  the  coal-tar  oil  used. 

It  is  specified  that  the  average  absorption  of  coal-tar  oil  for  every 
charge  of  the  cylinder  shall  be : 

a.  For  one  railroad  tie,  1st  class,  2.70  m.  (8.85  ft.)  long,  of  oak  wood, 
11  kgr.  (24  lbs.);  of  beech  wood,  36  kgr.  (79  lbs.). 

b.  For  one  railroad  tie,  2d  class,  2.50  m.  (8. 20 ft.)  long,  of  oak  wood, 
8  kgr.  (18.6  lbs.);  of  beech  wood,  28  kgr.  (61.6  lbs.). 

c.  For  ties  of  other  dimensions  per  cubic  meter  (35.3  cu.  ft.),  of  oak 
wood,  100  kgr.  (220  lbs.);  of  beech  wood,  325  kgr.  (715  lbs.). 

To  determine  the  amount  of  coal-tar  oil  absorbed  by  the  ties,  these 
are  weighed  before  the  impregnation  and  again  after  it,  when  dripping 
of  oil  has  ceased,  using  a  platform  scale  placed  under  a  roof.  The 
difference  in  weight  is  amount  of  coal-tar  oil  absorbed.  Correct  the 
weight  of  the  ties  before  imi^regnation  by  deducting  from  it  weight  of 
water  delivered  by  condenser  to  the  t^jlk  and  obtained  from  the  vajjors 
distilled  while  drying  in  hot  coal-tar  oil,  as  weight  of  ties  is  reduced 
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to  this  extent  by  drying  process.  If  on  examination  it  is  proved 
that  absor23tion  amounts  to  less  than  five-sixths  of  that  specified,  the 
imj^regnation  must  be  rejieated. 

For  every  shortage  in  coal-tar  oil  shown  by  above  test,  a  deduction 
of  50  pfennigs  for  10  kgr.  (54.5  cts.  per  100  lbs.)  will  be  made,  but,  on 
the  other  hand,  an  increase  in  absorjjtion  will  be  paid  for  at  the  same 
rate,  a  maximum  of  15%"  increase  being  the  limit  of  such  payment. 

Section  4. — The  Contractor  is  required  to  give  eight  days'  notice  to 
the  Supisly  Ofiice  of  the  time  of  intended  commencing  to  impregnate 
ties,  in  order  that  the  office  may  send  an  official  to  supervise  same. 
This  official  must  be  freely  admitted  at  all  times  to  the  plant  of  the 
■Contractor,  and  all  desired  information  must  be  readily  furnished 
him..  The  Contractor  must  furnish  all  necessary  appliances,  appa- 
ratus and  labor  to  make  tests  withoiit  charge. 

Section  5. — In  case  the  Contractor  does  not  supply  his  own  ties, 
the  jjarties  furnishing  them  will  be  reqiiired  to  deliver  f.  o.  b.  cars  at 
the  station  nearest  to  the  impregnating  works,  provided  they  are 
shipped  by  rail;  ties  delivered  by  wagon  or  other  conveyance  will  be 
delivered  loaded  at  storage  yards  of  the  factory  without  charge. 

The  hauling  of  ties  from  the  station  to  factory  will  be  at  the 
expense  of  the  Contractor  for  impregnation.  He  has  also  to  provide 
for  unloading,  piling  and  handling  of  ties  as  per  regulations.  The 
Contractor  will  be  paid  for  this  labor  the  amount  of  8  i^fennigs  (1.92 
cents)  for  each  track  tie  and  4  pfennigs  (0.96  cent)  for  each  switch  tie 
of  1  m.  These  i?rices  cover  the  expense  of  labor  and  tools  required 
in  receiving  green  ties,  as  well  as  that  of  reloading  rejected  ties;  pay- 
ment for  a  tie  to  be  made  only  once. 

Section  6. — The  Contractor  for  impregnating  is  held  liable  for  all 
damages  and  loss  of  ties  that  may  occur  from  the  time  they  are 
delivered  to  him  at  the  railroad  station,  or  at  his  works,  as  long  as 
ties  remain  at  his  works.  This  liability  includes  losses  by  fire  occur- 
ring at  the  impregnation  works  and  by  theft  committed  while  ties 
remain  there.  The  Contractor  must  pay  the  value  of  all  missing  ties 
or  of  such  as  become  ixnserviceable  previous  to  their  return  after  im- 
pregnation, but  is  not  liable  for  splitting.  He  is,  however,  required 
to  furnish  without  charge  all  necessary  S-liooks  and  bolts  for  drawing 
together  the  cracks  occurring  during  storage,  and  has  to  drive  or  put 
these  in  according  to  dire^ctions  of  the  supervising  official. 

When  ties  are  turned  over  to  the  Contractor  for  impregnation,  they 
are  already  supplied  with  S-tooks  needed  to  draw  together  all  existing 
cracks.  Each  beech  track  tie  is  also  fitted  with  two  iron  bolts  running 
through  it,  about  10  cm.  (4  ins.),  from  each  end  in  the  direction  of  its 
breadth.  It  is  his  duty,  therefore,  to  supi^ly,  without  charge,  only 
such  S-liooks  and  bolts  as  may  be  needed  thereafter,  and  of  the  same 
kind,  and  to  fasten  them. 
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Section  7. — On  receiving  the  green  ties  they  must  be  piled  at  the 
factory  in  such  a  way  that  air  will  circulate  freely  around  each  one. 
Each  pile  only  to  have  length  and  breadth  equal  to  length  of  one  tie, 
and  must  contain  100  ties.  The  lowest  layer  of  ties  must  rest  on  solid 
supports,  so  that  they  will  never  touch  the  ground.  Storage  yards 
must  be  thoroughly  drained  and  have  ditches  if  needed.  Open  spaces 
are  to  be  left  between  the  piles,  which  spaces  must  measure  80  cm.  (32 
ins.)  in  one  direction  and  have  a  width  of  40  cm.  (16  ins.).  This  piling 
of  ties  must  be  finished  at  the  latest  in  14  days  from  receipt  of  same. 
Date  of  piling  to  be  plainly  marked  on  each  pile. 

For  delay  in  completing  impregnation  of  ties  beyond  time  fixed  by 
contract,  unless  j^revioiis  express  and  written  jDei-mission  of  the  Im- 
perial General  Management  has  been  obtained,  the  latter  will  collect  a 
penalty  from  Contractor  for  such  delay,  amounting  to  1%  of  the 
Contract  value  of  the  unfinished  impregnation  per  week  of  such 
delay. 

Section  9. — The  Railroad  Management  reserves  the  right  to  employ 
the  Contractor  for  impregnation  to  adze  surface  of  ties  in  places  for 
bed-plates  of  rails,  as  well  as  to  bore  holes  for  fastenings,  if  such  work 
becomes  necessary.  This  work  to  be  done  by  direction  of  supervising 
official  and  before  imj)regnating. 

Strassburg,  February ....  1898. 

Imperial  General  Management  of 
Railwavs  in  Alsace-Lorraine. 


Acknowledged :  The  preceding  contract  of 

this  day  the 1 

D 

Contractor. 
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Messrs.  Chakles  T>.  Makx,  M.  Am.  Soc.  C.  E. ;  Chaeles  B.  Wing,  Assoc.  M. 

'^^Th  T"^^  Am.  Soc.  C.  E.,  and  Leandee  M.  Hoskins,  Esq. — It  seems  unnecessary 
to  add  to  the  discussion  of  the  degree  of  reliability  of  the  results, 
already  given  by  the  writers,  in  the  paj^er  on  the  experiments  of  1897. 
The  questions  raised  by  Mr.  Henny  have  already  been  answered  so 
far  as  the  writers  are  able  to  answer  them.  It  is  jjossible  that  they 
underestimate  the  importance  of  exterior  measurements  of  the  pipe 
at  the  trestles.  If  so,  it  is  to  be  regretted  that  Mr.  Henny  did  not 
make  as  complete  a  set  of  such  measurements  as  seemed  to  him  de- 
sirable. The  writers  are  informed  by  Chief  Engineer  Bannister  that 
many  measurements  of  the  interior  diameter  were  made  after  the  pipe 
was  built,  and  that  no  appreciable  de^jarture  from  the  estimated  size 
was  found.  The  writers  certainly  have  no  interest  in  maintaining 
that  wood  pipe  offers  greater  resistance  to  flow  than  smooth  iron  jjipe. 
Neither  are  they  in  possession  of  the  data  requisite  for  deciding  the 

♦Continued  from  August,  1900.  Proceedings.  See  February,  1900,  Proceedings,  for 
paper  by  Charles  D.  Marx,  M.  Ain.  Soc.  C.  E.;  Charles  B.  Wing,  Assoc.  M.  Am.  Soc.  C. 
E.,  and  Leander  M.  Hoskins,  C.  E.,  on  this  subject. 
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question.     Thev  do,  however,  feel  Avarrauted  in  the  belief  that  the  a      Messrs. 
•^  '  Marx,  Wing 

priori  estimates  of  the  cajjacity  of  large  stave  pipes  which  have  been  and  Hoskins. 

published  by  some  writers  are  far  too  great. 

It  is  hard  to  believe  that  the  elaborate  discussions  of  Mr.  Williams 
and  Mr.  Fenkell  are  intended  as  serious  contributions  to  hydraulic 
literature.  Certainly,  no  competent  engineer  is  likely  to  regard  seri- 
ously the  proposition  that  many  "  supposedly  reliable  observations  " 
are  proved  to  be  "nothing  more  than  crude  approximations,"  by  the 
fact  that  they  fail  to  show  losses  of  head  varying  as  the  square  of  the 
velocity.  Neither  will  conclusions  which  are  based  upon  this  "cri- 
terion," as  to  the  change  in  capacity  of  the  Ogden  conduit,  or  as  to  the 
value  of  the  results  presented  in  the  paper,  be  likely  to  meet  with 
accei^tance. 

The  supposition  that  the  passage  of  water  from  the  9-ft.  tunnel  into 
the  6-ft.  pipe  generates  a  spiral  motion  sufficient  to  seriously  aflect  the 
pressure  readings  at  Station  4,  23  ft.  from  the  tunnel,  and  to  be  no- 
ticeable even  at  Station  3,  2  733  ft.  from  the  tunnel,  does  not  appear  to 
the  writers  to  be  intrinsically  probable,  or  to  be  supported  by  the 
gauge  readings  at  Stations  3  and  4. 

As  the  discussion  brings  out  somewhat  diverse  views  upon  the  ques- 
tion of  the  change  of  capacity  of  the  conduit  between  the  dates  of  the 
two  series  of  experiments,  it  may  be  well  to  refer  again  to  this 
question. 

In  the  discussion  of  the  degree  of  reliability  of  the  first  series  of 
results,*  the  fact  was  emphasized  that  it  is  impossible  to  determine 
very  precise  values  of  the  coefificient  c  for  low  velocities,  the  reason 
being  that  a  given  error  in  the  measurement  of  pressure  causes  an 
error  in  the  estimated  value  of  c  which  is  far  greater  at  low  than  at 
high  velocities.  While  fully  realizing  this  fact,  it  was  thought  best 
to  extend  the  observations  to  as  low  velocities  as  practicable,  not 
only  because  it  was  hoped  that  these  observations  might  not  be  wholly 
without  value  in  themselves,  but  because  of  the  desirability  of  com- 
parison with  the  results  recorded  by  others,  many  of  which,  particu- 
larly upon  stave  pipes,  have  been  made  at  low  velocities.  It  appears, 
however,  to  be  unsafe  to  base  conclusions  as  to  change  of  capacity  upon 
the  results  obtained  at  velocities  less  than  about  2  ft.  per  second. 

As  regards  the  steel  pipe,  the  observations  of  1899  probably  show, 
with  a  somewhat  higher  degree  of  precision  than  the  earlier  series,  the 
law  of  variation  of  loss  of  head  with  velocity.  It  is  believed,  however, 
that  both  series  of  results  for  the  higher  velocities  may  be  accepted 
for  the  purpose  of  making  a  fairly  correct  estimate  of  the  change  in 
capacity  of  the  pipe.  The  results  shown  in  Table  No.  3  indicate  that 
the  loss  of  head  for  a  given  velocity  was  about  13%  greater  in  June, 

1899,  than  in  August,  1897.        

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  xl,  p.  560. 
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Blessrs.  Turning  next  to  the  wood  pipe  results,  it  must  be  remembered  that 

and  Hoskins.  the  Curve  of  loss  of  head  for  the  experiments  of  1899,  shown  on  Plate 
XVII,  is  based  wholly  upon  the  observations  on  the  long  section  of 
pipe  above  the  tiinnel,  so  that  the  two  curves  shown  are  not  directly 
comparable  for  the  purpose  of  estimating  change  of  capacity.  It 
cannot  be  assumed  that  the  two  jDortions  of  pipe  should  give  identical 
values  of  the  loss  of  head  per  thousand  feet  of  length,  especially  when 
the  different  conditions  of  curvature  are  considered.  The  observa- 
tions of  1899  on  the  short  section  of  pijje  are  not  sufficiently  numer- 
ous to  be  made  the  basis  of  conclusions  as  to  change  of  capacity. 
They  do,  however,  show  a  fair  agreement  with  the  results  of  1897,  the 
only  excej^tions  to  this  statement  being  Groups  J  and  N,  both  taken 
at  low  velocities.     The  conclusions  that  appear  to  be  warranted  are: 

(1)  That  the  capacity  of  the  short  section  of  wood  pipe  changed 
only  slightly,  if  at  all,  during  the  interval  between  the  two  series  of  ex- 
periments; and 

(2)  That  in  1899  there  was  no  important  difference  in  capacity  be- 
tween the  two  portions  experimented  on. 

The  question,  siiggested  by  the  writers  and  further  referred  to  by 
Mr.  Kuichling,  as  to  whether  the  loss  of  head  in  the  Venturi  meters 
may  not  have  increased,  appears  not  to  admit  of  a  certain  answer. 
Some  light  is  perhaps  thrown  on  the  question  by  considering  how  the 
general  results  must  be  corrected  if  it  be  assumed  that  there  has  been 
an  increased  loss  of  head  in  the  Venturi  proper.  This  assumption 
would  require  the  estimated  velocities  to  be  decreased,  thus  increas- 
ing the  value  found  for  the  loss  of  head  at  any  given  velocity.  This 
would  imply  a  greater  diminiition  of  caj)acity  of  the  steel  jjipe  than 
above  estimated,  with  a  like  result  for  the  wood  pipe.  Attention 
has  ah'eady  been  called*  to  the  fact  that  if  it  be  assumed  that  the 
observed  increase  in  the  loss  of  head  between  the  first  and  third  col- 
umns of  the  difference  gauge  is  chargeable  wholly  to  the  part  of  the 
pipe  between  the  throat  and  the  down-stream  section,  this  increase 
agrees  well  with  that  computed  for  the  6-ft.  steel  pijje.  The  most 
probable  view  appears  to  the  writers  to  be  that  the  Venturi  meter 
coefficient  remained  practically  constant. 

The  suggestion  that  the  registration  of  the  meters  should  be 
tested  might  well  have  been  accompanied  by  a  suggestion  of  specific 
means  of  accomplishing  it.  No  practicable  method  occurred  to  the 
writers. 

Regarding  the  desirability  of  examining  the  interior  surface  of  the 
conduit,  it  should  be  said  that  the  commercial  oi^eration  of  the  plant 
does  not  admit  of  a  shut-down  of  sufficient  length  of  time  to  jjermit 
of  draining  the  one  mile  of  steel  pipe,  much  less  the  five  miles  of  wood 
pipe,  unless  damage  to  the  plant  should  necessitate  such  draining. 
*  Proceedings,  Am.  Soc.  C.  E.,  February,  1900,  p.  126. 
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A  PROPOSED  METHOD  FOR  THE  PRESERVATION 
OF  TIMBER. 

Discussion.* 


By  J.  I.  BoGGS,  Assoc.  M.  Am.  Soc.  C.  E. 


J.  I.  BoGGS,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — In  discussing  the  Mr.  Boggs. 
paper  by  Walter  W.  Curtis,  M.  Am.  Soc.  0.  E.,  tlie  writer  gave  the 
results  of  some  observations  on  creosoted  pine  ties  along  the  line  of 
the  Houston  and  Texas  Central  Kailway.f  These  ties  had  seen  20 
years'  service,  and  it  was  estimated  that  fully  80%  of  the  original 
number  was  yet  in  the  track.  The  objections  to  them  were:  First, 
the  soft  wood  used,  which  permitted  the  rail  to  cut  into  the  timber 
very  badly;   Second,  their  high  price. 

These  observations  were  recently  confirmed  by  M.  G.  Howe,  M.  Am. 
Soc.  C.  E.,  the  present  Engineer  of  Maintenance  of  Way,  and  by  G.  A. 
Quinlan,  M.  Am.  Soc.  C.  E.,  the  General  Manager  of  that  road,  in  a 
late  issue  of  Engineering  News.  Twenty  years  ago  Bethell's  process 
was  still  in  its  infancy,  and,  owing  to  its  excessive  cost,  managers  hesi- 
tated to  use  it,  except  to  a  very  limited  extent;  but  with  the  facts 
deduced  from  our  past  experience,  certainly  none  can  justly  say  that 
"no  process  has  yet  been  discovered  which  can  be  fully  depended 
uj)on  "  for  the  preservation  of  timber,  and  it  appears  to  the  writer  that 
the  time  for  hesitation  is  past,  especially  when  we  consider  the 
depleted  condition  of  our  forests. 

*  Continued  from  August,  1900,  Proceedings.     See  May,  1900,  Proceedings,  for  paper 
on  this  subject,  by  F.  A.  Kumnier,  Jun.  Am.  Soc.  C.  E. 
t  Transactions,  Am.  Soc.  C.  E.,  Vol.  xUi,  p.  348. 
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Mr.  Boggs.  The  writer  has  seen  some  rotten  creosoted  piling,  biit  in  nearly 
every  case  this  was  caused  by  the  bridge  carpenters  cutting  ofi"  the 
ends  of  the  sticks  after  the  piling  was  driven  and  neglecting  to  apply 
the  hot  preservative  to  the  exposed  end,  thereby  permitting  it  to 
absorb  moisture  from  the  atmosphere  for  days  and  sometimes  weeks- 
at  a  time.  In  other  cases  this  decay  may  be  attributed  to  the  treat- 
ment of  defective  timber. 

The  writer  has  never  been  troubled  with  rot  caused  by  the  check- 
ing of  the  creosoted  pine  timbers  after  they  were  in  the  structure. 

It  is  unfortunate  that  a  gi'eat  many  of  our  co-workers  imagined  the 
poorest  class  of  timber  to  be  the  best  for  creosoting  purposes,  because 
it  has  given  rise  to  the  fallacy  that  "  the  timber  is  much  weakened  by 
the  process."  The  fact  is,  if  the  timber  is  jjroperly  treated,  the  dead 
oil  neither  adds  to  nor  detracts  from  its  strength;  but,  in  nearly  every 
case,  comparisons  are  made  between  the  very  poorest  and  the  very  best 
material,  the  result  being  the  hastily  and  erroneously  drawn  conclu- 
sion that  "the  i^rocess  weakens"  it.  The  writer  has  seen  "thor- 
oughly creosoted  piles  sometimes  break  in  handling,"  but  close  investi- 
gation in  each  instance  has  shown  that  originally  they  were  of  the 
poorest  pine,  such  as  is  known  as  the  "Loblolly";  that  they  were 
stacked  in  the  yard  to  "  dry  out  "  for  two  or  three  months  before  being 
treated,  and  were,  in  fact,  I'otten  before  the  oil  ever  touched  them. 

R.  Montfort,  M.  Am.  Soc.  C.  E.,  Chief  Engineer  of  the  Louisville 
and  Nashville  Railway,  is  in  a  better  jjosition  than  anyone  known  to 
the  writer  to  speak  with  authority  on  the  action  of  the  teredo  on. 
creosoted  piles,  as  his  line  traverses  a  number  of  salt  water  inlets 
along  the  Gulf  Coast,  and  probably  owns  one  of  the  oldest  creosoting 
plants  m  the  country.  It  is  the  writer's  impression  that  he  has 
entirely  abandoned  treating  his  piling,  and  is  now  protecting  it  with 
salt-glazed  sewer  pipe,  as  creosoting  did  not  j^rotect  against  the  teredo. 
The  Gulf,  Colorado  and  Santa  Fe  Railway  had  a  similar  exi)erience  at 
Galveston,  Tex.  About  the  year  1881  they  built  a  creosoted  pile 
trestle,  about  2.}  miles  long,  across  Galveston  Bay.  It  lasted  about  2 
years,  and  was  then  rebuilt  with  elm,  which,  of  course,  required  con- 
stant renewals,  at  a  cost  of  about  ^1  000  per  month.  This  continued 
until  1897,  when  they  rebuilt  with  creosoted  pine,  with  what  results 
the  writer  is  not  in  a  position  to  say. 

The  writer  once  experimented  on  pine  poles  containing  nothing 
but  sap.  The  poles  were  cut  in  the  spring  and  completely  immersed 
in  fresh  water.  The  following  spring  they  were  found  to  have  turned 
into  "lightwood,"  that  is,  heavy,  resinous,  pitch  j^ine.  They  were 
then  placed  in  salt  water,  and,  up  to  the  following  fall,  the  teredo  had 
failed  to  attack  them  to  any  material  extent;  hence  the  writer  believes 
the  use  of  a  percentage  of  resin  in  the  processes  of  either  Bethell  or 
Burnett  would  be  very  beneficial;  but,  that  the  dead  oil  of  coal-tar  will 
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ever  alone  protect  against  tlie  teredo,  is,  in  tlie  light  of  past  events,  Mr.  Bo^gs. 
very  doubtful. 

The  prevailing  custom  of  subjecting  only  the  j^oorest  class  of  tim- 
ber to  the  creosoting  pi-ocess  is  to  be  greatly  deplored,  and  when  a 
better  material  is  more  extensively  used  very  high  results  may  be  con- 
fidently expected.  The  use  of  very  high  temperatures  will  unquestion- 
ably kill  the  germs,  but,  unfortunately,  will  kill  the  fiber  of  the  timber 
also. 
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RECENT  STADIA  TOPOGRAPHIC  SURVEYS:  NOTES 

RELATING  TO  METHODS  AND  COST. 

Discussion.* 


By  Messrs.  Geokge  W.  Eattek  and  Wiugiam  B.  Landketh. 


Mr.  Rafter.  Geokge  W.  Raetek,  M.  Am.  Soc.  C.  E.  (by  letter).— As  to  the  cost 
of  the  several  surveys  it  may  be  remarked  that,  without  a  full  state- 
ment, Mr.  Landreth's  tabulation  is  somewhat  misleading.  Thus  the 
total  cost  of  Black  Eiver  survey  was  $3  815.47;  Salmon  River  Reser- 
voir, $2  459.05.  The  cost  of  Fish  Creek  Feeder  is  included  in  the  gen- 
eral cost  of  feeder  lines,  which  is  S13  013.23.  It  should  be  understood 
that  the  cost  of  Fish  Creek  Feeder  is  for  toiDographic  work  only,  all 
expense  for  leveling  of  every  kind  is  included  elsewhere.  An  under- 
standing of  these  facts  gives  to  the  author's  results  a  somewhat  dif- 
ferent complexion  than  they  would  have  if  unexplained.  The  writer, 
however,  wishes  to  accord  Mr.  Landreth  very  high  praise.  The 
Salmon  River  and  Fish  Creek  surveys  were  largelj  made  during  severe 
winter  weather,  and  are  evidence  of  his  great  energy,  as  well  as  skill 
in  this  special  line  of  survey. 

Another  matter  which  contributed  to  the  success  of  the  work  may 
be  mentioned.  Each  chief  of  party  was  required  to  report  to  the  office 
at  the  end  of  each  week  exactly  what  had  been  done.  These  reports 
took  the  form  shown  in  Table  No.  5,  which  illustrates  Mr.  Landreth's 
work  on  the  Salmon  River  Reservoir  for  the  month  of  November.  At 
the  end  of  the  month  the  weekly  reports  were  comiailed  into  a 
monthly  report,  and  forwarded  to  the  Board. 

*  Continued  from  August,  1900,  Proceedings.  See  March,  1900,  Proceedings,  for  paper 
by  William  B.  Landreth,  M.  Am.  Soc.  C.  E.,  on  this  subject. 
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TABLE   No.  5.  Mr.  Rafter. 

Eedfield,  N.  Y.,  December  1st,  1898. 
Report  of  progress  on  Survey  for  Salmon  River  Storage  Reservoir 
for  month  of  November,  1898. 

By  William  B.  Landeeth. 


Stadia. 

Distance. 

Date. 

No.  Days 
actual 
work. 

Weather. 

Character  of 

Stations. 

Shots. 

Stadia  Line. 

Base  Line. 

ground. 

Nov.  1 

20 

110 

5  326 

3  000 

"      3 

26 

147 

6  942 

5  400 

"      3 

15 

156 

3  705 

7  600 

"      4 

18 

146 

5  234 

3  300 

"      .5 

"      6 

"      7 

28 

90 

11581 

5  600 

Rain. 

'32" 

"si 

'5  285 

■4366 

"      8 

21 

74 

4  763 

2000 

"      9 

22 

38 

4  719 

2  090 

Rain. 

"    10 

16 

20 

3  072 

Rain. 

"    11 

20 

19 

4  535 

"    12 

22 

28 

5  652 

Rain. 

"    13 

10 

9 

3  754 

"    14 

22 

27 

11834 

3  500 

Rain. 

"    15 

22 

44 

7  845 

Rain. 

"    16 

17 

13 

5  787 

3  000 

"    17 

25 

20 

13  275 

"    18 

20 

57 

13  501 

3  000 

"    19 

15 

92 

24  788 

Rain. 

"    20 

21 

37 

9  075 

"    21 

17 

65 

6  335 

14  800 

"    22 

14 

60 

8139 

"    23 

21 

173 

11043 

10100 

Snow. 

"    24 

20 

101 

6  587 

9  600 

"    25 

"    26 

21 

iog 

8  700 

5  700 

Snow. 

"    27 

18 

143 

14  890 

4  200 

"    28 

17 

158 

3  838 

14  40U 

"    29 

19 

141 

6  657 

10  300 

"    30 

23 

63 

8  430 

14  700 

Totals.... 

552 

2191 

225  262 
43.66  Miles. 

126  490 
23.95  Miles. 

38 

Estimated: 

35^  Open, 

65^  Wooded. 

W.  B.  Landketh,  M.  Am.  Soc.  C.  E.  (by  letter). — Referring  to  Mr,  Mr.  Landreth. 
Buck's  inquiry  regarding  corrections  for  distance  in  stadia  surveys  in 
hilly  country;  the  jjractice  on  the  work  described  was  to  make  collec- 
tions for  distance  on  all  readings  between  stadia  points  used  in  calcu- 
lating circuits  and  to  disregard  them  on  all  shots  where  the  correction 
was  less  than  3  ft. 

The  stadia  reduction  diagrams  used  were  so  drawn  that  the  approx- 
imate reduction  could  be  noted  at  a  glance  and  taken  off  closely  if 
necessary  with  little  labor.  All  elevations  determined  were  noted  on 
the  maps,  as  in  the  general  work  of  the  U.S.  D.  W.  Survey,  and  Mr. 
Himes  has  been  misled  regarding  them  by  their  having  been  omitted 
by  the  engraver  from  the  illustrations  accompanying  the  paper,  owing 
to  the  very  small  scale  used. 
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Mr.  Landreth.  The  writer  is  unable  to  give  an  explanation  for  the  variation  in  the 
cost  of  the  three  surveys  that  is  entirely  satisfactory  to  himself,  but 
believes  that  the  percentage  of  wooded  area  has  a  great  influence  on 
the  cost  of  the  surveys.  On  the  Salmon  Eiver  and  Black  Biver  Sur- 
veys, with  a  10-ft.  contour  interval,  the  former,  with  the  larger  per- 
centage of  wood,  cost  the  most,  while  the  Fish  Creek  Survey  with  a 
wooded  area  about  midway  between  the  others,  but  with  a5-ft.  interval, 
cost  82",,'  of  the  former. 

The  methods  used  on  the  U.  S.  Geological  Survey  could  not  have 
been  used  to  advantage  on  the  Salmon  Biver  and  Fish  Creek  Surveys 
owing  to  the  necessity  of  doing  the  field  work  in  the  late  fall  and  win- 
ter, and  it  is  doubtful  if  there  would  have  been  any  saving  in  cost  bj 
using  that  method  on  the  Black  Biver  Survey  owing  to  the  10-ft.  inter- 
val used,  as  compared  with  the  20-ft.  interval  on  the  Geological 
Surveys. 

To  avoid  a  possible  misunderstanding  of  the  items  covered  by  the 
table  of  cost  of  surveys  noted  by  Mr.  Bafter,  the  writer  would  state 
that  the  cost  of  the  following  work  is  included  in  the  amounts  given: 
Salmon  Biver  and  Fish  Creek  surveys,  stadia  field  work  and  map 
work ;  Black  Biver,  base  line  and  levels  on  two-thirds  of  the  territory, 
stadia  field  work  and  map  work  on  all  the  territory. 
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IRRIGATION    STUDIES. 
Discussion.* 


By  Messrs.  Mansfield  Merkiman  and  El'dolph  Heeing. 


MANSFrELD  Mekkiman,  M.  Am.  Soc.  C.  E. — In  this  paper  the  word  Mr.  Merriman. 
"  duty  "  seems  to  have  been  used  in  two  senses  which  are  not  exactly 
the  same.  It  is  said  that  the  number  of  acres  irrigated  by  1  cu.  ft. 
per  second  is  the  duty  of  water.  That  appears  to  be  an  excellent  de- 
finition, and  one  that  agrees  with  the  use  of  the  word  duty  in  other 
branches  of  engineering;  but  when  it  is  said  that  1  acre  of  land  re- 
quires so  many  acre-feet  of  water  to  irrigate  it,  this  is  not  properly  the 
duty  of  water,  but  rather  a  reciprocal  of  duty.  The  speaker  has  found 
that  in  presenting  engineering  matters  to  students  it  is  extremely  im- 
jDortant  to  have  the  units  very  clearly  and  closely  defined,  and  although 
this  word  duty  is  perhaps  the  least  important  of  all  the  units,  the 
speaker  believes  that  it  may  deserve  the  remark  he  has  made  concern- 
ing it. 

In  this  connection,  the  speaker  was  glad  to  note  that  in  the  publica- 
tions of  this  Society  on  hydraulic  matters  the  terms  "second-foot  "  or 
"  foot-second,"  as  some  people  say,  are  not  used.  These  terms  lead  to 
confusion,  while  "cubic  feet  per  second,"  which  should  be  always 
used,  is  clearly  understood  by  everybody.  There  are  many  hydraulic 
engineers,   i^articularly  in  the  Government  employ,  who  always  say 

*Tliis  discussion  (of  the  paper  by  Elwood  Mead,  M.  Am.  Soc.  C.  E.,  printed  in 
the  Proceedings  for  May,  1900)  is  printed  in  Proceedings  in  order  that  the  views 
expressed  may  be  brought  before  aU  members  of  the  Society  for  further  discussion. 

Communications  on  this  subject  received  prior  to  October  26th,  1900,  will  be  printed  i 

in  a  later  number  of  Proceedings,  and  subsequently  the  whole  discussion  will  be  pub- 
lished in  Transactions. 
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Mr.  Merriman.  "second-feet  "  in  designating  the  discharge  of  water,  which  is  contrary 
to  the  i^rinciples  of  formation  of  compound  units.  In  such  a  unit,  as 
a  foot-pound,  or  ton-mile,  the  meaning  of  the  hyjihen  is  that  the  two 
simple  imits  are  multijjlied  together;  and  in  the  term  "second-feet," 
it  might  be  natural  to  think  that  the  number  of  seconds  should  be 
multiiilied  by  the  number  of  feet,  which  would  be  absurd.  On  the 
other  hand  the  word  "per"  means  division;  for  instance,  "cubic  feet 
per  second,"  means  the  total  niimber  of  cubic  feet  divided  by  the  total 
number  of  seconds,  and  is  therefore  clearly  understood.  The  term 
"acre-foot"  is  an  excellent  comj^ound  unit,  formed  according  to 
correct  principles. 
Mr.  Hering.  Rudolph  Hering,  Vice-President,  Am.  Soc.  C.  E. — It  seems  strange 
that  up  to  the  present  time  the  relationship  of  irrigation  and  drainage 
to  agriculture  has  received  so  little  attention.  It  is  only  quite  recently 
that  25roi3er  observations  have  been  made  as  to  the  quantity  of  water 
which  various  crops  require  at  different  times.  The  agricultural  ex- 
periment stations  in  the  United  States  have  begun  to  make  some 
observations  on  that  subject,  and  similar  stations  in  Europe  are  doing 
the  same.  Yet  it  is  hardly  possible  to  get  reliable  information,  except 
from  a  few  isolated  points  and  regarding  a  few  plants.  For  instance, 
in  this  country,  the  agricultural  station  at  Madison,  Wis.,  is  the  only 
one  known  to  the  speaker  at  which  the  amount  of  water  required 
during  the  different  months  by  a  certain  crop  has  been  determined, 
and  they  have  there  experimented  with  scarcely  a  dozen  crops. 

The  speaker  believes  that  it  is  very  imjjortant  for  the  agricultural, 
irrigation  or  drainage  engineer,  to  know  just  what  amount  of  water 
the  different  crops  need  and  when  they  need  it,  particularly  in  those 
sections  of  our  country  where  there  is  scarcity  of  water.  It  is  known 
that  during  different  stages  of  growth  plants  need  different  quantities 
of  water.  For  instance,  at  first,  during  the  period  of  germination, 
nearly  all  plants  need  more  than  immediately  after  they  have  started 
to  grow.  Then,  they  again  need  a  larger  quantity,  in  fact,  the  most 
liberal  irrigation,  when  passing  through  the  flowering  stage,  and  the 
least  quantity  during  fruiting  and  maturity,  when  too  much  water 
becomes  rather  injurious. 

As  this  subject  is  one  which  the  engineer  in  this  country  has  to 

meet  occasionally,  the  speaker,  when  in  Europe   this  summer,  made 

some  inquiries  thereon,  but  found  a  remarkable  dearth  of  exi^erience 

there  also;  yet  every  station  is  at  work  trying  to  get  results  on  the 

*  subject. 

There  is  a  correlative  subject  upon  which  we  also  have  scarcely  any 
data:  Where  there  is  water  in  the  ground  which  is  to  serve  the  roots, 
the  question  sometimes  arises,  how  far  can  the  ground-water  stand 
below  the  roots  in  order  that  these  may  still  receive  sufficient  moisture? 
In  our  immediate  neighborhood  there  are  at  this  day  suits  threatened 
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for  several  hundred  tbousaud  dollars  which  depend  iiiJon  that  very  Mr.  Hering. 
fact,  as  to  the  relation  of  the  quantity  of  water  needed  by  certain 
crops,  the  capillarity  of  the  soil,  and  the  level  of  the  ground-water. 
This  is  a  question  which  we,  as  engineers,  will  eventually  have  to  face. 
As  yet  there  is  but  little  information  on  the  subject,  and  it  is  very 
gratifying  indeed  to  see  that  certain  Government  officers  at  the  agri- 
cultural stations,  and  engineers  abroad,  are  now  studying  this  matter 
which,  in  our  country,  in  one  way  and  another,  represents  a  great  deal 
of  money  to  agriculturists. 
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Subjects  for  Discussion. 

The  Progressive  Increase  in  Weight;  the  Increase  in  Hardness,  j^ar- 
ticularly  in  Carbon;  the  Sections  in  most  General  Use;  the  effect 
of  changes  in  Weight,  Comjoosition  and  Section." 


By  Messrs.  William  R.  Webstek,  J.  D.  Smelt,  John  F.  Wallace  and 
SiK  LowTHiAN  Bell. 


Mr.  Webster.  WiLLiAM  R.  Webstee,  M.  Am.  Soc  C.  E. — From  Mr.  Hunt's  dis- 
cussion one  might  be  led  to  believe  that  it  was  the  usual  practice  to 
use  high  carbon  steel  in  our  rails.  But  such  is  not  the  case,  as  is 
shown  by  the  fifteen  American  rail  specifications  given  in  the  table  pre- 
pared by  Committee  No.  1,  of  the  American  Section  of  the  Inter- 
national Association.  This  table  gives  0.455V  to  0.55/o  carbon  for  the 
100-lb.  rails  used  by  many  of  our  railroads. 

Most  of  the  rails  are  rolled  to  the  sections  of  this  Society,  the  rails 
of  70  lbs.  per  yard  and  under  giving  better  satisfaction  than  the 
heavier  rails.  It  seems  to  the  sjjeaker  that  this  difference  in  results  is 
due  more  to  the  higher  finishing  temperature  in  rolling  the  heavier  sec- 
tions of  rails  than  to  any  other  cause.  The  large  mass  of  metal  in  the 
head  of  the  heavier  rails  carries  the  heat  much  longer  than  the  thiu 

*The  discussion  of  this  subject,  for  which  no  f.jrmal  paper  was  presented,  is  con- 
tinued from  the  August  number  of  Proceedings  in  order  that  the  views  expressed  may 
be  brought  before  all  members  of  the  Society  for  further  discussion 

Communications  on  this  subject  received  prior  to  October  36th,  1900.  will  be  printed 
in  a  later  number  of  Proceedings,  and  subsequently  the  wliole  discussion  will  be  published 
in  Transactions. 
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metal  in  the  fiauge,  and  the  work  of  rolling  has  to  be  stopped  on  Mr.  Webster, 
account  of  cold  flange,  when  the  metal  in  the  head  is  still  too  hot.  By 
putting  more  metal  in  the  flange,  to  carry  the  heat,  the  head  of  the  rail 
can  be  finished  at  a  mnch  lower  temperature,  and  a  closer  grain 
obtained.  This  is  a  matter  which  the  Society  could  take  up  and 
investigate  to  advantage. 

As  a  check  on  the  finishing  temperature  in  rolling,  the  speaker  sug- 
gests that  a  limiting  clause  be  put  in  the  specifications  as  to  the  per- 
centage of  shrinkage  which  will  be  allowed  in  a  rail,  from  its  finishing 
temperature  in  rolling  to  the  normal  temperature.  This  amount  of 
shrinkage  in  a  30-ft.  rail  is  a  good  measure  of  the  finishing  tempera- 
tiu-e,  and  it  only  remains  to  prove  by  experiment  just  how  much 
shrinkage  it  is  safe  to  allow.  Or,  in  other  words,  what  finishing  tem- 
l^erature  should  be  used  to  j)roduce  the  best  results. 

It  has  been  claimed  by  some  who  take  an  extreme  view  of  the 
l^resent  practice,  that  we  are  now  "  hardening  our  rails  by  the  carbon 
and  squirting  them  through  the  rolls."  But,  as  a  matter  of  fact,  we 
know  better  to-day  than  ever  before  the  true  bearing  of  the  chemical 
elements  on  the  physical  j^roperties  of  the  steel,  and  the  change  of 
structure  due  to  the  mechanical  work  of  rolling  or  forging  at  the 
proper  finishing  temjieratiTre. 

The  beneficial  efl'ects  of  finishing  a  heavy  rail  at  the  proper  tem- 
perature are  shown  in  re-rolling  heavy  rails  which  have  not  given  good 
service  in  use.  This  is  accounted  for  by  the  annealing  action  of  the 
furnace  in  heating  the  rails  up  to  a  low  heat  for  rolling,  thus  breaking 
up  the  coarse  grain,  and  not  heating  high  enough  to  form  it  again,  the 
final  work  of  rolling  on  the  head  is  at  a  low  temjierature,  the  flange 
being  in  a  condition  to  allow  this  work  at  the  proper  temperature. 

The  report  of  the  English  Committee  appointed  by  the  Board  of 
Trade  "  To  Enquire  into  the  Loss  of  Strength  in  Steel  Bails  through 
Use  on  Eailways, "  will  appear  shortly,  and  give  us  much  valuable 
information.  It  will,  no  doiibt,  be  the  true  starting  point  for  inter- 
national rail  specifications. 

Many  of  our  specifications,  at  the  present  time,  have  ear-marks  in 
them  showing  the  suggestion  of  the  manufacturers  in  one  section  as 
against  those  of  another,  or  suggestions  of  the  makers  of  basic  Besse- 
mer steel  as  against  those  making  acid  Bessemer  steel.  _  What  is 
wanted  is  to  get  rid  of  all  this  and  take  the  whole  matter  up  on  its 
merits  from  an  engineering  and  metallurgical  standi^oint.  From  the 
l^resent  indications  it  looks  as  though  the  International  Association  for 
Testing  Materials  would  be  invited  by  the  Iron  and  Steel  Institute  to 
hold  the  next  Congress  in  England  in  the  fall  of  1901.  It  is  to  be 
hoped  that  this  will  be  brought  about,  as  there  is  no  society  better 
fitted  to  assist  in  this  great  work  than  the  Iron  and  Steel  Institute  of 
England. 
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Mr.  Webster.        The  following  is  quoted  from  Appendix  VII  of  the  report  of  the 
English  Committee: 

"  It  is  probable  that  the  Board  of  Trade  will  expect  or  desire  the 
Committee  to  recommend  an  analysis  for  the  guidance  of  engineers  or 
manufacturers,  which  shall,  m  the  judgment  and  experience  of  the 
Committee,  be  the  composition  of  the  steel  to  ensure  a  safe  and  good 
wearing  rail.  I  therefore  suggest,  after  careful  consideration  from  the 
points  of  view  of  a  manufacturer  and  user,  that,  exclusive  of  the  iron, 
a  steel  rail  should  have  the  following  range  of  composition: 

Minimum.  Maximum. 

"Carbon 0.35  to       0.50 

"Silicon 0.05  to       0.10 

"Sulphur 0.04  to      0.08 

"Phosphorus to       0.08 

"  Maganese 0.75  to       1.00 

"Mr.  Edward  P.  Martin,  of  Dowlais,  considered  these  suggested 
figures  with  me  and  approves  them. 

"(Signed)      E.  Wdstdsor  Richards.  " 

On  referring  to  the  report  of  the  American  Committee  No.  1, 
we  find  that  the  chemical  limits  in  rails  from  50  to  75  lbs.  were  as 
follows: 

Carbon 0.35     to     0.50 

Silicon not  over     0 .  20 

Sulphur 

Phosphorus not  over     0 .  10 

Manganese 0.70     to     1.05 

These  recommendations  are  remarkably  close,  especially  when  one 
considers  that  the  work  was  done  in  different  countries  by  these  Com- 
mittees entirely  independent  of  each  other,  and  that  in  America  only 
acid  Bessemer  steel  is  used  for  rails;  while  in  England  both  the  acid 
and  basic  Bessemej  steel  are  used. 

The  results  compared  above  indicate  that  the  suggestions  which 
have  been  made,  that  each  country  prepare  standard  or  rejaresentative 
specifications  for  each  class  of  material,  can  be  easily  carried  out.  It  is 
not  too  much  to  expect  that,  at  the  General  Congress  of  the  Inter- 
national Association  for  Testing  Materials,  to  be  held  in  1901,  each 
country  will  jjresent  reiiresentative  specifications,  and  that  inter- 
national specifications  will  be  agreed  upon. 

The  English  Committee  have  been  working  at  a  great  disadvantage, 
as  in  all  cases  of  broken  rails  examined  they  knew  nothing  whatever  of 
the  heat  treatment  of -these  rails  in  rolling,  and  as  this  has  such  a 
great  influence  on  the  final  structure  of  the  rail,  had  it  been  known  it 
would  have  accounted  for  many  of  the  abnormal  results  referred  to  in 
the  report.     It  is  to  be  hojjed  that  the  work  of  the  Committee  of  the 
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Board   of.  Trade  will  be  continued,    that  rails  will  be  rolled  under  Mr.  Webster. 

known  conditions,  and   that  rails   from  the   same  heat  of  steel  will 

be   finished  hot,  medium  and  cold,  in  order  to  get  at  the  true  value 

of  the  mechanical  work    of  rolling  at  different  temperatures.     This 

will  give  valuable  information    in   one  of  the   most   important  lines 

of  research,  which  has  been  too  much  neglected  up  to  the  present 

time. 

J.  D.  Smelt,  M.  Inst.  C.  E. — The  speaker  has  had  occasion  recently  Mr.  Smell, 
to  advise  the  Argentine  Great  Western  Railway  Company  on  the  rela- 
tive value  of  American  and  British  tenders  for  rails. 

The  section  tendered  upon,  72.8  lbs.  per  yard,  was  designed  by 
the  speaker  in  1893,  and  has  been  rolled  several  times  since  that  date 
in  Great  Britain  and  also  in  the  United  States.  It  is  shown  in  full 
black  lines  in  Fig.  1.  The  enquiry  was  issued  for  rails  to  be  manufac- 
tured to  the  speaker's  si^ecification.  One  of  the  leading  American 
firms  tendered  in  accoixlance  with  the  Argentine  Great  Western  sec- 
tion, but  in  accordance  with  their  standard  specification  for  quality. 
The  differences  between  the  two  specifications  are  shown  in  the  table 
on  Fig.  1,  the  chief  differences  being  the  high  phosphorus  and  silicon 
of  the  American  specification  and  the  lower  tensile  strength  and 
elongation,  coupled  with  the  somewhat  inconsistently  easy  falling- 
weight  test. 

The  price  per  ton  quoted  by  the  American  firm  was  considerably 
lower  than  the  British  quotations,  and  the  principal  questions  to 
decide  were:  First,  what  is  the  relative  durability  of  43-ton  steel  as 
comjDared  with  38-ton  steel;  and,  secondly,  the  amount  of  attendant 
risk  due  to  the  presence  of  high  phosphorus  and  silicon,  which,  in  a 
rail  with  a  somewhat  thin  flange,  might  be  considerable. 

With  regard  to  durability,  it  appeared  to  be  approximately  in  pro- 
portion to  the  tensile  strength,  which  is,  in  the  speaker's  opinion, 
independent  of  the  means  adopted  to  produce  it;  that  is  to  say,  it 
matters  little  whether  the  high  or  low  tensile  strength  is  due  to  the 
difference  in  temperature  of  the  material  during  rolling,  or  to  differ- 
ence in  chemical  composition.  Perhajis  Mr.  Hunt  and  other  members 
can  give  some  practical  information  on  the  subject. 

Another  point,  to  which  attention  should  be  directed,  is  the  dif- 
ference in  the  American  standard  sections  of  70-lb.  rails  and  fish- 
jjlates  (shown  in  dotted  lines  on  Fig'.  1),  as  compared  with  the  sec- 
tions designed  for  the  Argentine  Great  Western  Railway. 

la  the  Argentine  Great  Western  rail,  the  speaker  allowed  for  a 
wear  of  f  in.,  and  finds  that  the  depth  of  the  head  of  the  American 
standard  is  about  j-e  in.  less,  which  would  appear  to  indicate  about 
half  the  life,  apart  from  the  difference  in  tensile  strength. 

With  regard  to  fish-plates,  the  Argentine  Great  Western  deep  sec- 
tion shown  on  Fig.  1  was  designed  to  make  the  joint  of  equivalent 
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Mr.  Smelt. 
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strength  to  the  solid  rail  when  worn,  and  the  results  of  tests  prove  Mr.  Smelt, 
the  design  to  be  correct  in  this  respect. 

The  American  fish-plates  of  angular  design  cannot,  therefore,  be  of 
the  same  relative  strength,  especially  when  taking  into  account  the 
very  soft  material  of  which  they  are  made. 

John  F.  Wallace,  President,  Am.  Soc.  C.  E. — Two  of  the  American  Mr.  WaUace. 
engineers  who  have  spoken  on  this  question  represent  inspecting  con- 
sulting engineers,  and  one  the  manufacturers.  The  speaker  would  like 
to  say  one  word  from  the  purchasers'  side.  The  railroads  themselves, 
up  to  date,  have  had  very  little  to  say  about  the  specifications  of  the  rails 
used  in  America,  and  mainly  on  account  of  business  reasons.  The  rail- 
ways to  the  east  of  the  Allegheny  Mountains  have  naturally  been  con- 
fined to  the  use  of  rails  manufactured  in  that  district,  first,  on  account  of 
the  fact  that  the  manufacturers  were  also  the  customers  of  the  railroads, 
and  produced  a  great  deal  of  freight  and  traffic;  and  secondly,  because 
they  were  nearer  the  point  of  consumption.  The  same  controlling 
elements  exist  in  the  mills  in  the  vicinity  of  Chicago.  The  roads  of  the 
West,  tributary  to  Chicago,  were  naturally  inclined  to  pui'chase  rails 
from  the  Chicago  mills,  and  the  result  has  been  that  the  roads  east  of 
the  Allegheny  Mountains  have  been  compelled  to  use  rails  manu- 
factured in  their  district,  which  could  be  manufactiired  from  the  ores 
east  of  that  j^oint;  and  the  roads  in  the  Mississippi  Valley  and  the 
West  have  generally  been  confined  to  the  use  of  the  rails  manufactured 
in  Chicago.  A  great  many  roads  have  endeavored  to  enforce  their  own 
sijecifieations.  On  the  other  hand,  the  mills  have  endeavored  to  require 
the  railroads  to  accept  their  specifications,  coupled  with  a  guarantee 
that  any  rails  affected  during  the  j)eriod  of  5  years  should  be  replaced. 

The  railroads,  to-day,  through  their  engineers  and  their  own  special 
organization,  which  is  looking  after  this  particular  matter,  are  now 
taking  up  the  question  of  adopting  specifications  and  asking  the  manu- 
facturers to  conform  to  them.  The  matter  is  now  in  the  hands  of  a 
Committee  of  Engineers,  who  do  not  propose  to  draw  up  specifications 
which  are  impossible  to  fill;  but  intend  to  find  out,  from  the  character 
of  the  ores  in  different  parts  of  the  country,  and  from  the  processes  of 
manufacture,  Avhat  are  the  possibilities,  and  will  endeavor  to  decide  on 
specifications  which  are  practical  and  common-sense.  In  the  forma- 
tion of  such  sjDecifications,  however,  they  expect  to  consult  with  the 
manufacturers  and  with  the  inspecting  engineers. 

In  reference  to  phosphorus,  some  years  ago  on  the  Illinois  Central 
Railroad,  on  a  section  of  road  where  the  traffic  was  exceedingly  heavy, 
there  was  in  use  a  60-lb.  rail,  laid  in  1878.  Twenty  years  after  that 
rail  was  laid,  it  was  removed  in  order  to  replace  it  with  an  85-lb.  rail. 
The  rail  gave  siich  extraordinarily  good  service  that  it  was  analyzed 
and  found  to  run  as  high  as  0.012  and  0.015  phosj)horus — from  50  to 
W0%  more  than  the  specifications  were  then  calling  for. 
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Sir 
Lowthian  Bell 


Sib  Lowthian  Bell,  M.  Inst.  O.  E. — There  are  probably  few  ques- 
tions connected  with  the  manufacture  and.  behavior  of  rails  while  in 
use  which  demand  a  more  extended  area  of  examination  than  those 
raised  by  Mr.  Hunt.  The  opinions  about  to  be  given  are  those 
gathered  from  many  years'  experience  as  a  manufacturer  supplemented 
by  a  still  longer  experience  as  a  director  of  one  of  the  most  imjjortant 
raih'oads  in  the  United  Kingdom.  A  life  so  spent  seems  to  embrace 
all  the  conditions  essential  to  the  present  discussion. 

It  may  be  well  here  to  describe  the  mode  of  testing  used  in  ascer- 
taining the  resistance  to  fracture  offered  by  the  rails  under  examina- 
tion : 

A  weight  of  one  ton  (2  240  lbs.),  and  capable  of  being  detached  at 
any  j)oint  of  its  travel,  was  raised  by  steam  power  between  tM'o  girders 

TABLE  No.  1. — Results  of  Tests  made  at  Park  Lane  Stores,  Gates- 
Middle  AND  Bottom  of  Ingots,  as  peb  Sir  Lowthian  Bell's, 
3  ft.  apart. 


Distinguishing 
No.  of  rail 

991 

992 

993 

994 

995 

996 

997 

998 

Ingot  No 

1 
Top. 

1 
Middle. 

1 
Bottom. 

2 

2 
Middle. 

2 
Bottom. 

3 
Top. 

3 

Part  of  ingot 
taken  from 

Fop. 

Middle. 

Results  of  tests.. 
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Sum     of     falling 
feet    (breaking 
blow  halved). . . 

52^ 

76i 

76^ 

131 

52i 

103i 

52i 

52J 

Note.— These  samples  taken  from 


Composition — 
Phosphorus. . . 

Sulphur 

Carbon  

Silicon 

Manganese  . . . 

Arsenic 

Iron    by  dilfer 
ence 


0.043 

0.048 

0.043 

0.040 

0.044 

0.053 

0.043 

0.050 

0.U60 

0.070 

0.050 

0.060 

0.060 

0.070 

0.560 

0.560 

0.570 

0.500 

0.510 

0.550 

0.560 

0.069 

0.066 

0.057 

0.073 

0.072 

0.084 

0.081 

0.950 

O.J'OO 
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1.020 

1.030 
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0.950 

0.061 

0.065 

0.061 

0.028 

0.018 

0.044 

0.049 

98.267 

98.241 

98.229 

98.290 

98.266 

98.179 

98.247 

0.050 
0.060 
0.560 
0.069 
1.060 
0.032 

98.169 


The  weight  of  the  rail  was  90  lbs.  per  yard,  the  length  tested 
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of  considerable  lieiglit.  Tlie  usual  plan  was  to  raise  the  weight  a  very 
few  feet  at  first,  and  to  increase  the  height  of  fall  gradually,  until 
fracture  was  effected.  No  account  was  taken  of  the  acceleration  of  the 
fall,  and  therefore  of  the  power,  by  the  contiuued  operation  of  gravita- 
tion, because  this  did  not  exhaust  by  any  means  the  disturbing  causes 
of  the  calculation.  The  chief  of  these  is  the  unknown  absorption  of 
power  by  the  deflection  of  the  rail  at  each  blow.  The  jDlan  followed 
was  to  sum  up  the  various  falls  and  count  the  last  at  one-half  its  real 
amount.     The  estimate,  therefore,  is  one  of  comparison  only. 

In  evidence  of  irregularity  in  results  the  case  of  the  trials  of  bull- 
headed  steel  rails  of  90  lbs.  per  yard  may  be  given.  One  of  these  gave 
way  under  a  united  fall  of  23  ft.,  while  a  second  one  required  for  its 
fracture  199  ft.     Chemical  analyses  of  several  specimens  were  made 

He.\d,  on  18  Pieces  of  New  "Hematite"  Steel  Rails,  from  Top, 
Instetjctions.     Tested    June    20th,    1898;    Ball,    1    Ton;    Beaeings, 
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was  10  ft.,  and  in  each  case  the  running  head  was  up. 
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Sir  witliout  throwing  anv  li^ht  on  this  very  ereat  difference  in  the  fall  re- 

Lowthian  Bell.        .      ^  ..  .  mi  •         -ii  i     i       .  w  x    i  i.i 

quired  tor  rupture,      iiiis  will  be  best  reserved  tor  cases  to  be  jaresently 

described. 

Those  members  who  have  read  the  classic  work  of  Professor  Henry 
Marion  Howe,  who  confirmed  observations  made  at  the  Clarence  Works, 
will  remember  his  description  of  the  absorbing  power  of  liquid  steel  in 
occluding  gaseous  matter,  which  latter  was  given  off  as  the  molten 
metal  cooled.  He  naturally  inferred  that  the  uppermost  portion  of  the 
ingot  would  contain  the  largest  portion  of  the  liberated  gas  which  was 
imjirisoned  in  spherical  cells.  When  the  ingot  was  rolled  into  a  rail 
these  cells  were  flattened  but  not  entirely  obliterated. 

Trials  were  made  by  dividing  each  ingot  into  three  parts,  which 
were  marked  top,  middle  and  bottom,  and  a  rail  was  rolled  from  each. 
Six  rails  from  each  section  were  rolled  and  were  exposed  to  the  follow- 
ing test.  A  reference  to  Table  No.  1  shows  that  the  fractures  took 
place  as  follows : 

From  the  "Tops"  at  an  average  of  48.9  ft.,  "Middles"  64.5  ft., 
and  the  "Bottoms"  77  ft.,  and,  further,  that  the  analyses  fail  to  con- 
nect these  with  any  differences  in  chemical  composition. 

A  committee  appointed  by  the  British  Board  of  Trade  has  concluded 
along  inquiry,  in  which  evidenceof  an  exhaustive  character  was  given. 
In  it  the  data  just  quoted,  besides  much  more  of  a  highly  important 
character,  are  to  be  found. 

The  changes  in  molecular  structure,  supplemented  by  micro- 
photograjjhic  plates,  are  described  at  great  length  and  with  great 
ability  by  Professor  Roberts  Austen. 
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*'  The  several  Processes  now  used  for  the  Removal  of  Objectionable 
Matter;  their  Comparative  Sanitary  Effect,  Cost  and  Reliability." 


By  Messrs.  George  W.  Fuller,  Saiviuel  Rideal,  Henry  Davey,  J.  N. 
Greene,  Ad.  Kemna,  Walter  Hunter  and  H.  Alfred  Roechling. 


George  W.  Fuller,  Assoc.  M.  Am.  Soc.  C.  E. — For  the  engineer  Mr.  Fxiller. 
who  has  to  consider  water  filtration  problems  in  different  parts  of 
America,  the  speaker  thinks  there  is  no  point  more  deeply  impressed 
on  his  mind  than  that  the  waters  from  different  sections  of  the  country 
possess  to  a  large  degree  a  distinct  individuality  in  reference  to  their 
purification.  Having  listened  to  the  excellent  resume  of  this  topic  by 
Mr.  Hering,  the  description  of  the  Warsaw  filters  by  Mr.  Lindley,  and 
the  discussion  on  English  practice  by  Mr.  Deacon,  it  is  thought  that 
it  would  be  of  interest  to  look  at  the  subject  for  a  few  moments  from 
the  standpoint  of  the  applicability  of  different  methods  of  purification 
to  different  tyj^es  of  water. 

One  of  the  fundamental  principles  of  water  purification,  as  viewed 

*  The  discussion  of  this  subject,  for  which  no  formal  paper  was  presented,  is  con- 
tinued from  the  August  number  of  Proceedings  in  order  that  the  views  expressed  may 
\>&  brought  before  all  members  of  the  Society  for  further  discussion. 

Communications  on  this  subject  received  prior  to  October  36th,  1900,  will  be  printed 
in  a  later  number  of  Proceedinfirs,  and  subsequently  the  whole  discussion  will  be  published 
in  Transactions. 
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Mr  Fuller,  from  experience  in  America,  is  tliat  the  quality  and  the  composition  of 
the  water  to  be  filtered  are  factors  of  prime  importance.  This  is  par- 
ticularly so  with  American  surface  waters,  where  there  are  wide  ranges 
in  character.  In  this  discussion  consideration  is  given  only  to  surface 
waters,  and  not  to  ground-waters  which  may  need  treatment  for  the 
removal  of  iron.  With  the  surface  waters  from  different  sections  of 
the  country,  the  most  variable  features,  from  the  purification  stand- 
point, are  with  reference  to  turbidity  and  color.  By  turbidity  is  meant 
the  sand,  silt,  clay  and  those  matters  of  an  amorphous  and  organic 
nature  which  are  contained  in  the  water  in  suspension ;  and  by  color 
is  meant  the  vegetable  matter  which  is  dissolved  in  the  water,  and 
which  gives  what  is  called  by  many  a  vegetable  stain. 

In  the  original  application  of  water  i^virification,  improvement  in 
the  appearance  of  the  water  was,  of  coiirse,  the  object  sought.  Within 
the  last  fifteen  or  twenty  years  the  problem  has  changed,  as  is  well 
known,  and,  fundamentally,  the  object  now  to  be  secured  is  the 
removal  of  those  bacteria  which  are  associated  with  the  causation  of 
disease.  In  looking  at  the  problem  from  that  point  of  view,  it  may 
be  of  interest  to  point  out  a  difference  which  occurs  between  condi- 
tions in  America  and  in  Eiirope. 

In  Europe,  particularly  in  England  and  in  the  western  portion  of 
the  Continent,  or,  more  accurately,  with  those  filtered  waters  with 
which  American  engineers  are  more  familiar,  the  speaker  understands 
that  it  is  generally  true  that  if  the  water  is  filtered  so  as  to  eliminate 
the  bacteria,  the  appearance  of  the  water  is  satisfactory.  That  is  to 
say,  if  the  effluent  is  satisfactory  from  a  hygienic  standpoint,  it  is  not 
necessary  to  give  attention  to  the  appearance  of  the  filtered  water. 
But  in  America  the  reverse  of  this  would  be  true  in  numerous 
instances.  In  many  places — not  in  the  northeastern  portion  of  the 
country,  but  in  the  South  and  Central  West — the  chai-acter  of  the  waters 
is  such  that  if  the  water  after  filtration  is  satisfactory  in  appearance, 
it  is  also  substantially  free  from  bacteria.  This  shows,  in  a  general 
way,  a  difference,  which  i^erhaps  is  seldom  appreciated,  in  the  condi- 
tions in  America  and  in  Europe.  The  reason  for  this,  of  course,  is 
that  the  clay  particles  found  in  the  southern  and  ■\yestern  waters  of 
America  are  much  smaller  in  size  than  the  bacteria.  It  is  a  fact  that 
many  of  the  clay  particles  in  these  waters  are  not  more  than  0.000011 
in.  in  average  diameter,  or  about  one-tenth  the  size  of  the  ordinary 
bacterium.  Some  of  the  clay  particles  are  still  smaller,  and,  without 
doubt,  our  estimates  of  their  size  are  much  limited  by  the  present 
facilities  for  measurement  under  the  microscope. 

While  a  filtered  water,  of  course,  should  jsrimarily  be  as  free  of  bac- 
teria as  is  practicable,  it  appears  to  the  speaker  that  the  appearance  of 
the  water  should  also  be  satisfactory,  in  order  to  fulfill  requirements 
as  found  in  many  cases.     In  this  connection,  it  is  to  be  borne  in  mind 
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that  many  water  consumers  judge  the  character  of  a  water  by  its  Mr.  Fuller, 
appearance;  and,  regardless  of  the  hygienic  side  of  the  question,  do 
not  look  with  especial  favor  upon  a  water  which  is  either  turbid  or 
colored  to  a  considerable  degree.  Public  opinion  in  America  appears 
to  be  undergoing  a  gradual  but  distinct  change  in  this  respect.  Col- 
ored and  turbid  waters  which  seemed  to  be  acceptable  a  few  years  ago 
are  now  complained  of  in  many  instances;  and,  in  the  opinion  of  the 
speaker,  the  development  of  the  "  spring  water  "  trade  and  of  hoiise 
filters,  is  siiggestive  of  conditions  which  water- works  engineers  must 
consider  in  the  near  future. 

When  turbid  waters  in  America  are  to  be  purified  for  hygienic 
reasons,  it  seems  to  be  the  consensus  of  opinion  that  the  purification 
works  should  yield  an  effluent  which  is  also  practically  free  from 
turbidity  at  all  times.  With  waters  containing  much  vegetable  stain 
opinion  varies  widely.  In  fact,  in  America  it  would  seem  that  the 
amount  of  permissible  (dissolved)  color  in  a  first-class  water  is  one  of 
the  most  unsettled  points  at  present,  in  connection  with  water  supply 
and  water  purification.  The  permissible  limit  depends,  of  course,  to 
a  large  degree,  upon  the  point  of  view  of  the  observer.  Perhaps  the 
most  critical  observers  at  present  in  America  are  the  water  consumers 
themselves,  who  judge  the  appearance  of  the  water  in  bulk  with  a 
white  background  as  they  see  it  on  their  tables  and  in  porcelain-lined 
bath  tubs. 

To  decide,  in  a  conservative  and  reasonable  manner,  upon  the 
jjermissible  amount  of  dissolved  color  in  water  for  the  future  require- 
ments in  America  is  a  task  which  is  as  difficult  as  it  is  desirable.  So 
far  as  the  speaker  has  been  able  to  form  a  judgment  upon  this  matter, 
he  would  be  inclined  to  place  the  limit  at  0.30  part  of  dissolved  color 
by  the  i:)latinum- cobalt  standard.  This  amount  of  color  is  about  half 
of  that  frequently  seen  in  many  waters  in  the  eastern  part  of  America, 
and  about  double  the  amount  found  in  the  southern  and  western  waters 
after  the  removal  of  the  suspended  silt  and  clay. 

Returning  now  to  the  character  of  the  American  waters,  it  may  be 
said,  in  a  general  way,  that  there  are  three  types,  as  viewed  from  the 
present  standpoint  of  purification.  There  is,  first,  the  water  from 
those  comparatively  short  rivers,  and  from  lakes  and  ponds,  which  lie 
within  the  glacial  drift  formation,  that  is,  the  waters  best  known  to  us 
as  those  of  New  England  and  the  northern  Atlantic  States.  There  is 
also  another  very  distinct  type  of  water  which  lies  south  of  the  glacial 
drift  formation  almost  entirely,  that  is,  the  large  rivers  lying  south  of 
and  including  the  Potomac,  the  Ohio,  the  Missouri,  and  extending 
from  the  Atlantic  Ocean  west  to  the  Rocky  Mountains.  Between 
these  types  there  is  an  intermediate  class  resembling  in  a  measure 
the  two;  such  waters  as  are  found  in  the  Delaware,  the  Susque- 
hanna, the  Allegheny,  and  rivers  which  lie  along  the  dividing  line 
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Mr.  Fuller,  between  the  drift  formation  and  tlie  section  of  country  where  the 
drift  is  absent. 

To  attempt  to  make  specific  comparisons  of  these  types  of  water  is 
a  very  difficult  matter  at  the  present  time.  In  the  first  place,  the 
amount  of  analytical  evidence,  with  few  exceptions,  is  very  meager 
indeed,  and  especially  with  reference  to  results  from  samples  which 
represent  the  normal  and  maximum  conditions  that  the  engineer  must 
consider  in  the  design  of  purification  works.  There  is  also  another 
reason  why  these  data  are  somewhat  wanting  in  the  significance  they 
carry,  and  that  is  the  lack  of  uniformity  in  the  analytical  methods 
used  in  obtaining  the  results.  This  latter  point  is  becoming  realized 
more  and  more  clearly  by  engineers,  and  also  .by  the  analysts  them- 
selves. In  passing,  it  may  be  of  interest  to  state  that  an  effort  is  being 
made  to  correct  this  state  of  affairs.  At  the  last  meeting  of  the 
American  Public  Health  Association  a  section  of  Chemistry  and  Bacte- 
riology was  formed,  and  there  Avas  appointed  under  that  section  a 
Standing  Committee  to  consider  the  question  of  Standard  Uniform 
Methods  of  Water  Analysis.  Ultimately,  it  is  hoped  that  some  good 
may  come  of  this. 

Comparing  with  each  other  these  general  types  of  American  sur- 
face waters  in  regard  to  the  turbidity,  or  sus^jended  matters  which 
they  contain,  it  may  be  said  that  those  bodies  of  water  lying  wholly 
in  the  area  of  the  glacial  drift  formation,  such  waters  as  that  of  the 
Merrimac,  Connecticut,  Hudson  and  Passaic  Rivers,  carry  from  about 
5  to  15  parts  per  million  of  susjiended  matters  as  an  annual  average. 
This  quantity  is  greatly  exceeded  at  times  of  heavy  floods,  and  in  the 
case  of  the  Merrimac  River  the  amount  of  suspended  matter  has  been 
known  to  exceed  1  000  parts  per  million.  The  conditions  of  the  spring 
freshet  in  this  instance,  however,  were  abnormal.  With  regard  to  the 
character  of  the  turbidity  in  this  tyi^e  of  water,  it  may  be  stated  that, 
comparatively  speaking,  it  is  caused  by  fine  silt,  and  not  by  clay. 
Accordingly,  it  is  a  type  of  water  which  is  not  very  troublesome  in  its 
purification,  as  the  silt  can  be  removed  quite  readily  by  subsidence. 

The  waters  of  the  second  class,  those  of  the  South  and  West,  con- 
tain very  large  amounts  of  susijended  matter.  The  annual  average 
amounts  in  the  Uhio  River  water  have  been  found  to  be  230  and  350 
parts  per  million  at  Cincinnati  and  Louisville,  respectively.  In  the 
case  of  the  Mississippi  River  water  there  are  records  showing  the 
annual  average  amount  of  suspended  matter  at  St.  Louis  to  be  about 
1  000  parts  per  million,  and  about  560  parts  at  New  Orleans.  These 
records  cover  information  obtained  at  different  times  diiring  the  past 
fifty  years,  and  are  by  no  means  strictly  comparable  with  each  other. 
They  are  sufficient,  however,  to  show  that  this  general  type  of  water 
contains  roughly  from  twenty-five  to  fifty  times  as  much  suspended 
matter,  on  an  average,  as  do  the  waters  of  the  northern  Atlantic  sea- 
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l)oai-(l  ia  America,  aDtl  also  tbe  Eagiish  river  waters  as  the  latter  are  Mr.  Fuller, 
kuowii  to  American  engineers.  From  a  practical  purification  stand- 
point the  comparative  difficulty  in  handling  the  very  turbid  river 
waters  of  the  South  and  West  is  by  no  moans  adetiuately  shown 
by  the  annual  average  amounts  of  suspended  matter.  There  are 
several  reasons  for  this.  In  the  first  place,  the  flood  periods  con- 
tinue uninterruptedly  for  many  weeks,  and,  in  some  instances,  extend 
over  several  months,  during  which  time  the  suspended  matters  vary 
very  rapidly  and  continue  normally  in  excess  of  the  annual  average, 
reaching  at  times  more  than  5  000  parts  per  million.  Another  feature 
of  great  imjaortance  in  explaining  the  difficulty  in  purifying  these  very 
turbid  waters  is  the  fact  that  a  considerable  proportion,  say  about  one- 
fourth,  of  the  suspended  matters  consist  of  minute  clay  particles. 
The  sub-microscopic  nature  of  these  particles  has  already  been  referred 
to  by  the  speaker,  and  it  may  be  further  added  that  it  is  practically 
impossible  to  remove  them  by  subsidence. 

The  third,  or  intermediate,  class  of  water,  such  as  found  in  the 
Delaware,  Susquehanna  and  Allegheny,  etc.,  contains  suspended  mat- 
ters ranging  apparently  from  about  25  to  75  parts  per  million,  on  an 
average.  In  duration  of  flood  periods,  proportion  of  clay  particles 
and  in  the  size  of  clay  particles,  this  class  of  water  stands  intermediate 
between  the  two  previously  described.  The  evidence,  however,  shows 
that  in  some  instances  there  are  decided  complications  from  coal  dust 
and  mine  drainage. 

With  regard  to  the  amount  of  dissolved  color  or  vegetable  stain  con- 
tained in  these  general  types  of  water,  it  may  be  said  that  many,  but 
by  no  means  all,  waters  of  the  first  class  contain  more  color  than  is 
considered  by  some  to  be  satisfactory.  To  this  class  of  waters  of  the 
glacial  drift  area  there  must  be  added  swamp  waters  from  all  sections 
of  the  country.  No  attempt  will  be  made  to  show  in  detail  the  general 
evidence  as  to  the  color  of  this  type  of  water,  partly  because  of  lack  of 
available  comparable  records,  and  partly  because  of  the  unsettled  con- 
dition of  the  problem  of  what  amount  of  color  is  permissible  in  a  first- 
class  public  water  supply. 

The  dissolved  color  in  the  waters  of  the  second  and  third  typei  is 
not  a  factor  of  practical  significance,  so  far  as  the  speaker  has  been  able 
to  learn.  Undoubtedly,  organic  matter  capable  of  producing  a  vege- 
table stain  reaches  these  turbid  waters,  but  it  seems  to  be  removed  in 
the  streams  and  settling  basins.  Apparently,  it  becomes  united  to  the 
silt  and  clay  particles  (hydi'osilicate  of  aluminum)  and  settles  to  the 
bottom  with  them.  In  a  measure,  this  may  be  called  filtration  of  silt 
and  clay  through  water. 

From  this  account  of  the  conditions  met  with  in  America,  it  will  be 
seen  that  the  method  of  purification  to  be  adopted  in  any  instance 
must  be  adjusted  to  the  requirements  of  the  water  under  considera- 
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Mr.  Fuller,  tion.  Further,  the  character  of  many  surface  waters  in  America  is 
such  that,  in  the  design  of  purification  works  which  shall  successfully 
meet  the  requirements  of  the  future,  careful  attention  must  be  given, 
not  only  to  the  question  of  bacterial  removal,  but  also  to  the  decolori- 
zation  and  clarification  of  the  water. 

Of  the  methods  of  purification  now  considered  in  America,  there 
are  two  imj^ortant  ones,  as  has  been  very  clearly  shown  by  Mr.  Ber- 
ing, who  has  described  and  compared  their  leading  characteristics. 
The  nomenclature  iised  in  this  line  of  work  in  America  is  in  quite  a 
transitional  and  unsettled  state.  The  term  "filtration  of  water"  was 
satisfactory  so  long  as  it  was  applied  to  waters  which  were  not  exces- 
sively colored  or  turbid.  Since  the  subject  has  grown  and  included 
the  consideration  of  the  more  complicated  types  of  water,  the  term 
"purification  of  water"  is  considered  by  many  to  be  more  logical  and 
comprehensive.  For  many  waters,  filtration  by  itself  is  inadequate, 
and  there  are  required  in  connection  therewith  plain  subsidence, 
coagulation,  and  supplementary  subsidence.  In  some  places  the  ex- 
pression " method  of  filtration  "  has  been  rejjlaced  by  "method"  or 
"  systems  of  ijuriflcation. "  With  regard  to  the  two  methods  of  filtra- 
tion proper,  they  are  variously  sj)oken  of  as  sand,  or  English,  or  slow 
filters,  and  as  mechanical,  or  American,  or  rapid  filters,  respectively. 
Upon  comparing  the  two  methods  of  filtration  when  each  is  operating 
at  a  high  degree  of  efficiency,  it  is  foimd  that  there  is  a  long  series  of 
diff'erential  features,  of  which  the  most  important  is  the  physical  con- 
dition of  the  water  as  it  enters  the  sand  layer.  To  many  it  seems  de- 
sirable to  avoid  a  nomenclature  which  gives  undue  prominence  to  one 
superficial  feature,  and  to  use  a  name  which  implies  a  series  of  condi- 
tions requisite  for  first-class  work.  By  these  engineers  the  two 
methods  are  called  English  and  American  filters,  respectively,  from 
the  countries  where  they  are  first  developed. 

Water  purification  on  a  practical  scale  in  America  is  in  its  infancy. 
Ten  years  ago  its  application  was  almost  nominal.  During  the  past 
decade,  however,  considerable  progress  has  been  made  in  the  small 
cities  and  towns.  At  present  it  may  be  said,  in  general  terms,  that 
there  are  about  20  English  sand  filters  in  service  in  America,  having 
an  area  of  about  17  acres,  and  yielding  about  25  000  000  galls,  of  water 
as  a  daily  average.  There  are  also  in  service  about  160  American,  or 
mechanical,  filter  plants,  having  a  nominal  capacity  of  about  250  000- 
000  galls,  daily,  but  actually  supplying  a  consumption  of  only  about 
half  this  quantity. 

With  few  exceptions,  these  purification  plants  by  both  methods 
are  very  small,  and  there  is  comparatively  little  information  available, 
showing  continuously  in  detail  the  efficiency  and  the  cost  of  operation. 
Under  these  circumstances,  American  engineers  are  obliged  to  base 
their  detailed  knowledge  of  water  purification,   in   a  large  measure, 
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njion  the  results  of  European  experience  and  of  the  careful  iuvestiga-  Mr.  Fuller, 
tions  made  on  an  experimental  scale  at  Lawrence,  Providence,  Louis- 
ville, Pittsburg  and  Cincinnati.  The  European  experience,  in 
connection  with  the  i)uriticatiou  of  waters  comparable  to  those  now 
tiltered  abroad,  has  been  carefully  followed  in  America  for  many  years, 
beginning  with  the  classical  report  made  by  the  late  James  P.  liirk- 
Avood,  M.  Am.  Soc.  C.  E.,  for  the  City  of  St.  Louis.  For  the  purifica- 
tion of  the  more  difficult  types  of  water,  due  to  their  excessive  color  or 
turbidity,  dependence  is  now  placed  on  the  laws  of  piTrification  as 
deduced  by  the  special  studies  in  the  cities  just  named.  Upon  the 
more  important  points  it  is  considered  that  this  evidence  is  substan- 
tially correct  for  the  tyjies  of  water  actually  studied,  and  it  is  now 
being  used  as  a  guide  in  the  design  and  construction  of  ]Durification 
works  for  a  number  of  the  larger  American  cities. 

Concerning  the  relative  merits  of  the  two  leading  methods  of  puri- 
fication, the  experience  of  the  sjoeaker  has  led  him  to  the  opinion  that 
English  sand  filters,  as  a  rule,  are  most  satisfactory  in  point  of  effi- 
ciency and  economy  for  those  waters  for  which  they  are  strictly  appli- 
cable. Such  waters  may  be  defined  as  the  non-clay-bearing  waters, 
which  are  only  slightly  or  moderately  discolored  by  vegetable  stain, 
and  which  are  found  in  the  first  type  of  waters  mentioned  in  this  dis- 
cussion. Although  it  is  well  known  that  these  filters  have  decided 
limitations  in  the  successful  treatment  of  very  colored  and  very  turbid 
waters,  it  is  a  difficult  matter  at  present  to  define  satisfactorily  the 
dividing  line  between  those  waters  for  which  this  method  of  purifica- 
tion is  applicable  or  non-applicable.  There  are  some  cases  in  which 
this  method  is  strictly  applicable  for  the  local  water  where  it  is  prob- 
able that  its  adoption  would  be  inadvisable  on  the  ground  of  cost, 
owing  to  the  area  which  it  requires,  thus  necessitating  an  isolated 
location  and  an  extra  pum2:)ing  of  the  water.  Notwithstanding  the 
fact  that  English  sand  filters  are  applicable  for  a  far  smaller  propor- 
tion of  the  American  water  supplies  than  was  generally  considered  to 
be  the  case  a  few  years  ago,  it  is  the  opinion  of  the  speaker  that  they 
have  a  large  field  of  usefulness  in  America,  and  that  they  will  be 
adopted  in  many  places  within  the  next  few  years. 

Referring  to  the  construction  and  operation  of  English  sand  filters 
in  America,  it  may  be  fairly  said  that  the  recently  comjaleted  purifica- 
tion works  at  Albany,  N.  Y.,  designed  by  Allen  Hazen,  M.  Am.  Soc.  C. 
E.,  and  described  in  a  recent  paper*  before  the  Society,  may  be  taken 
as  representative  of  the  best  current  knowledge  in  this  line,  based 
both  on  European  experience  and  American  investigations.  These 
filters  difi"er  much  from  the  older  filters  of  Euroj^e,  but  do  not  difi'er 
very  materially  upon  the  more  vital  points,  when  compared  with  the 
best  modern  filters  abroad.  Nevertheless,  they  have  an  individuality 
*  Transactions,  Am.  Soc.  C.  E.,  Vol.  xliii,  page  S44. 
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Mr.  Fuller,  of  their  own.  Among  the  more  interesting  and  important  features  of 
the  Albany  ialters,  from  the  standjjoint  of  efficiency  and  economy,  are 
the  arrangement  of  the  floor  with  the  thin  layers  of  gravel  to  support 
the  sand,  and  the  means  taken  to  prevent  the  passage  of  water 
between  the  walls  and  the  sand. 

The  recent  estimates  made  for  English  sand  filters  at  a  number  of 
American  cities  are  on  the  basis  of  an  average  capacity  of  3  000  000 
galls.  (U.  S.)  per  acre  daily.  In  view  of  the  fact  that  the  maximum 
consumption  in  some  places  ranges  from  25  to  50%  above  the  average, 
during  very  hot  and  very  cold  weather,  the  rate  would  at  times  reach 
between  4  000  000  and  5  000  000  galls,  per  acre  daily,  even  with  moder- 
ately large  distribiiting  and  compensating  reservoirs.  From  jDresent 
evidence  this  seems  reasonably  safe  for  very  short  periods,  unless  the 
raw  water  should  be  excessively  polluted.  In  fact,  it  appeared  from 
experimental  evidence  obtained  several  years  ago  at  Lawrence  and 
elsewhere,  that,  with  some  kinds  of  water,  rates  of  5  000  000  and  even 
7  500  000  galls,  per  acre  could  be  safely  used.  More  recently,  how- 
ever, the  very  careful  studies  made  at  Lawrence,  with  reference  to  the 
passage  of  Bacillus  Coli  Commimis,  the  leading  intestinal  bacterium, 
indicate  that  these  rates  are  too  high  for  such  waters  as  that  of  the 
Merrimac  Eiver.  In  the  event  that  rates  of  filtration  have  to  be 
increased  materially,  to  meet  unusual  conditions  of  consumption, 
experience  indicates  that  the  changes  should  be  made  gradually  and 
not  suddenly.  In  fact,  proper  regulation  of  the  rate  of  filtration  is 
n  ow  universally  recognized  as  an  essential  feature  of  successful  filtra- 
tion; and  the  introduction  of  devices  to  secure  this  end  show  one  of 
the  most  marked  improvements  m  the  new  over  the  older  filters. 

There  is  some  difference  of  opinion  in  America  concerning  the  con- 
ditions under  which  covers  should  be  provided  for  English  sand 
filters.  A  few  years  ago  it  was  thought  that  this  could  be  settled  by 
use  of  the  mean  January  temperature,  on  the  basis  that  covers  would 
be  requrred  where  this  temperature  was  at  or  below  the  freezing  point. 
More  detailed  studies  of  temperature  conditions,  however,  show  that 
every  few  years  there  are  exceptionally  cold  winters  during  which 
there  are  so  many  days  in  succession  when  it  would  not  be  practicable 
to  scrape  open  filters,  that  the  foregoing  rule  seems  to  be  question- 
able. According  to  the  opinion  of  many  engineers,  experience  will 
ultimately  show  that  covers  are  an  advantage  at  nearly  all  points  on 
and  north  of  the  Potomac  and  Ohio  Elvers.  If  this  should  prove  true, 
it  would  necessitate  covers  in  nearly  all  the  American  territory  where 
English  sand  filters  now  ajapear  to  be  applicable.  "With  regard  to  the 
effect  which  covers  produce  upon  the  bacterial  efficiency  of  the  filter, 
in  connection  with  vegetable  growths,  etc.,  this  is  a  point  upon  which 
there  is  very  little  or  no  evidence  in  America. 

With  x'egard  to  the  American  or  mechanical  filters,  it  is  well  known 
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that  they  are  pvoprietory  devices  of  comparatively  recent  origin.  The  Mr.  Fuller, 
more  important  patents,  however,  will  expire  shortly.  Prior  to  1885 
these  filters  were  iised  exclusively  in  the  treatment  of  water  for  in- 
dustrial purposes  for  the  removal  of  vegetable  stain  and  turbidity. 
Since  that  date  they  have  been  introduced  for  the  purification  of 
many  public  water  supi:)lies,  and  during  the  last  few  years  progress 
has  been  very  rax>id.  For  the  most  part  they  have  been  installed  for 
small  works,  not  so  much  because  they  were  necessarily  the  most  ap- 
plicable process  for  each  water,  but  rather  perhaps  on  account  of  the 
filter  companies  guaranteeing  certain  results  with  devices  of  faii'ly  low 
first  cost. 

Up  to  1895  very  little  was  known  of  the  hygienic  efficiency  or  cost 
of  operation  of  these  filters.  Naturally,  they  were  not  looked  upon  with 
favor  by  the  great  majority  of  engineers.  During  the  last  five  years 
there  has  been  a  great  increase  in  our  knowledge  of  the  leading  features 
connected  witli  these  filters.  This  is  particularly  so  in  the  detailed 
knowledge  of  coagulating  processes,  which  are  such  a  vital  matter  in 
this  type  of  filter.  Without  coagulation  one  can  expect  from  them 
no  hygienic  efficiency.  As  already  stated,  the  proper  degree  of  coagu- 
lation of  the  water  as  it  enters  the  sand  layer  is  the  keynote  to  their 
successful  work.  When  this  is  satisfactory,  such  factors  as  rate  of 
filtration,  size  of  sand  grain,  thickness  of  sand  layer  and  detailed 
method  of  cleaning  the  sand  layer,  appear,  within  reasonable  limits, 
to  drop  into  comparative  insignificance.  At  one  time  it  was  quite 
universally  feared  that  the  use  of  such  coagulants  as  sulj^hate  of 
alumina  might  result  prejudicially  to  the  health  of  those  using  water 
purified  in  this  manner.  As  a  result  of  most  careful  studies  upon 
this  j)oint,  it  may  now  be  stated  that  when  the  coagulant  is  applied  in 
proper  quantities  in  the  presence  of  proper  quantities  of  alkaline  con- 
stituents of  the  water,  there  need  be  no  fear  of  undecomposed  chem- 
ical in  the  effluent.  With  this  process  it  is  imperative  that  the 
supervision  should  be  such  that  at  no  time  should  the  inadmissible 
result  be  met  of  applying  more  coagulant  than  can  be  comjiletely 
decomposed.  In  this  decomposition  there  is  a  conversion  of  the 
carbonates  of  lime  and  magnesia  into  the  sulj^hates  of  these  bases, 
with  the  liberation  of  a  corresponding  quantity  of  carbonic  acid. 
The  alumina  itself  is,  of  course,  removed  as  a  flocculent  precipitate. 

If  the  merits  of  filters  of  this  type  were  to  be  judged  from  the 
general  knowledge  as  to  theii-  efficiency,  as  now  obtained  in  practice 
in  the  majority  of  cases,  the  indications  are  that  it  would  not  receive 
a  rating  of  the  highest  grade.  This  seems  to  be  due,  in  part,  to  a  lack 
of  the  necessary  skilled  supervision  at  small  plants,  and,  in  part,  to 
a  desire  to  avoid  the  expense  of  applying  a  sufficient  quantity  of 
coagulant.  From  the  results  of  extended  investigations  upon  the 
subject,  however,  it  is  considered  that  sufficient  knowledge  is  available 
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Mr.  Fuller,  to  design  and  operate  by  this  method  plants  which  will  give  first-class 
results,  when  judged  practically  from  the  highest  plane  of  excellence. 
From  the  added  knowledge  of  tests  of  short  duration  upon  recently 
constructed  plants  in  i^ractice,  it  is  felt  by  the  speaker  that  the  laws  of 
this  process,  so  far  as  they  have  been  formulated,  are  substantially 
sound  and  accurate. 

Concerning  the  appHcability  of  this  method  of  purification,  it  is 
the  judgment  of  the  speaker  that,  for  the  non-clay-bearing  waters, 
which  are  low  in  amount  of  dissolved  color,  it  is,  as  a  rule,  less 
suitable  than  English  sand  filters.  This  is  based  on  the  present 
general  evidence  that  for  this  type  of  water  the  English  filters  can  give 
a  thoroughly  satisfactory  efiiuent,  and  at  a  total  cost  equal  to  or 
slightly  less  than  that  of  American  filters;  that  the  use  of  coagiilants 
is  to  be  avoided  where  not  imperative;  and  that  the  use  of  coagulants 
for  these  waters  is  especially  undesirable  and  exacting  in  the  control 
of  their  apj^lication,  due  to  their  low  alkalinity.  There  are,  of  course, 
exceptions  to  this  general  rule,  such,  for  instance,  as  cases  where  the 
compact  form  of  the  American  filters  would  permit  of  a  location  where 
extra  pumping  would  be  avoided,  and  where  this  could  not  be  done 
with  English  filters. 

The  especial  field  of  usefulness  for  the  American  filter  is  in  connection 
with  the  purification  of  those  waters  which  are  either  so  highly  colored, 
or  so  highly  charged  with  sub-microscopic  clay  particles,  that  it  is  im- 
possible to  obtain  satisfactory  results  without  the  use  of  coagulants. 
"With  waters  which  require  a  coagulant,  either  constantly  or  for  the 
great  majority  of  the  time,  the  present  evidence  shows  that,  as  a  rule, 
the  American  system  of  purification  is  the  better.  For  very  turbid 
waters  this  system  consists  of  plain  subsidence,  coagulation  and  sup- 
jilementary  subsidence,  and  mechanical  filters.  For  such  waters  the 
use  of  English  sand  filters  would  increase  the  total  cost  somewhat; 
they  would  give  normally  no  higher  grade  of  purification;  they  would 
be  more  difiicult  to  oj^erate;  and,  for  the  latter  reason,  there  would  be 
a  tendency  for  them  to  yield  a  less  satisfactory  effluent  at  times  when 
the  river  water  would  be  most  variable  in  character. 

In  explanation  of  the  point  that,  with  English  filters,  purification 
plants  for  very  turbid  waters  would  be  more  difficult  to  operate,  it  may 
be  said  that  the  great  rapidity  with  which  the  character  of  the  water 
changes  makes  it  very  difficult,  and  in  a  measure  impossible,  to  aj^ply 
at  all  times  just  the  proper  quantity  of  coagulant  at  the  inlet  to  the 
coagulating  basin.  Obviously,  this  would  be  kept  as  low  as  consistent 
with  good  efficiency,  for  the  sake  of  economy.  If  it  should  be  found 
that  the  application  of  coagulant  was  too  small,  it  is  possible  with 
American  filters  to  correct  this  by  adding  more  coagulant  as  the  water 
reaches  the  filters,  thus  maintaining  the  efficiency  of  the  plant.  With 
English   filters   this  is   not   possible,  because,  if  the  coagulant  were 
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applied  at  the  outlet  of  the  coagulating  basin,  it  would  clog  the  surface  Mr.  Fuller, 
of  the  sand  very  quickly,  and  put  the  entire  plant  out  of  service  for 
some  little  time.     From  a  practical  standpoint,  the  speaker  attaches 
great  importance  to  this  feature,  which  was  repeatedly  noted  during 
the  investigations  at  Cincinnati. 

There  has  as  yet  been  very  little  experience  in  the  purification  oi 
waters  containing  large  amounts  of  dissolved,  color.  Judging  from 
experience  with  the  recently  completed  works  at  Norfolk,  Va.,  it 
appears  that  the  American  method  with  mechanical  filters  is  the  better, 
for  reasons  similar  to  those  stated  for  the  clay-bearing  waters. 

Concerning  the  purification  of  those  intermediate  types  of  water, 
which  for  short  pei'iods  are  moderately  colored  or  turbid,  there  are  not 
sufficient  data  to  draw  any  well-defined  lines.  A  careful  study  of  local 
conditions,  with  reference  to  the  characteristics  of  the  two  methods  of 
purification,  can  alone  settle  the  matter  properly  for  the  present. 

Samuel  EiDEAii,  D.  Sc* — The  remarks  on  the  American  practice  with  Dr.  Rkleal. 
mechanical  filters  has  greatly  interested  the  speaker.  Speaking  as  an 
English  chemist  and  bacteriologist,  he  thought  that  the  lesson  to  be 
learned  from  this  discussion  was  that  English  engineers  should  give 
these  mechanical  filters  a  trial  in  this  country,  parallel  to  the  trials  that 
American  engineers  were  giving  to  the  English  method  of  sand  filtra- 
tion. Mr.  Fuller's  remarks  seem  to  show  that  there  is  a  future  for 
mechanical  filters  in  England,  where  recent  practice  has  been  to  do 
away  with  the  sand-filtered  water  supplies  from  rivers,  and  to  go  to  the 
mountain  and  upland  STirface  waters,  many  of  which,  containing  vegeta- 
ble coloring  matter,  would  seem  to  be  very  amenable  to  this  mechanical 
filtration.  These  Avaters  frequently  give  rise  to  plumbism.  With  a 
mechanical  filter  using  alum  (and  lime,  if  the  water  is  not  sufiiciently 
hard  from  carbonate  of  lime),  the  coagulant  would  correct  that  evil;  so 
that  with  mechanical  fidtration,  using  alum  with  or  without  lime,  we 
should  afiect  removal  of  the  vegetable  coloring  matter  and  prevent 
plumbism  at  the  same  time.  That  our  method  of  sand  filtration  seems 
generally  to  give  a  better  bacterial  purity  than  the  mechanical  filters, 
may  be  due  to  the  fact  that  the  latter  have  been  worked  at  a  much  greater 
rate,  and  perhaps  with  the  minimum  quantity  of  coagulant,  without 
due  regard  to  the  reduction  of  bacteria;  a  difference  that  doubtless 
could  be  removed. 

Neither  method  of  filtration  can,  however,  be  regarded  as  a  satisfac- 
tory means  for  preventing  the  appearance  of  pathogenic  germs  in 
water.  No  matter  how  small  the  fraction  of  the  organisms  left,  there 
might  be  among  them  some  which  might  be  injurious  to  health. 
Therefore,  although  either  sand  filtration  or  mechanical  filtration  is 
a  very  good  line  of  defence,  it  is  not  the  only  line  of  defence  one  should 
rely  upon. 

*  London. 
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Dr.  Rideal.  The  speaker  believes  that  the  question  of  sterilizing  water  will  soon 
become  prominent,  and  that  the  removal  of  pathogenic  organisms  can 
only  be  eflfected  satisfactorily  and  economically  by  heat  sterilizing.  He 
used  the  term  "heat  sterilizing  "  (a  somewhat  misleading  phrase)  pur- 
posely, because  he  wished  to  accentuate  before  a  body  of  engineers  that 
it  is  not  a  question  of  heat  sterilization  at  all,  but  a  temperature  condi- 
tion. The  organisms  are  killed  when  they  reach  a  certain  temperature, 
and  a  maintenance  of  this  condition  does  not  necessarily  involve  the 
expenditure  of  any  energy. 

The  problem  of  bringing  a  body  of  water  to  a  high  temjierature,  and 
keejiing  it  at  that  temperature  sufficiently  long  to  ensure  the  death  of 
the  organisms  present,  is  one  which  he  believes  would  be  worth  while 
for  engineers  in  this  country  and  in  the  States  to  pay  special  attention 
to.  The  cost  of  bringing  very,  small  quantities  of  water — perhaps  two 
or  three  pints  i^er  head  of  the  population,  instead  of  the  66  or  75 
gallons— to  a  temperature  which  will  ensure  the  killing  off  of  the 
pathogenic  organisms,  cannot  be  very  large.  By  a  joroper  system  of  in- 
coming and  outcoming  of  the  water,  and  possibly  by  a  vacuum  jacket 
such  as  is  used  for  maintaining  a  very  low  temperature,  the  expendi- 
ture of  the  heat  or  energy,  either  gas  or  electric  heating,  which  would 
be  required  for  bringing  about  such  local  sterilization  of  water  for 
potable  purposes,  would  be  very  small  indeed.  Probably  in  the  States 
as  well  as  in  this  country  legislation  could  be  brought  to  bear  in  the 
same  way  that  we  now  have  by-laws  for  limiting  the  quantity  of  waste 
in  flushing  closets.  In  this  way  it  would  be  possible  for  the  munici- 
palities to  supply  to  every  consumer  a  machine  for  producing  sufficient 
sterilized  water  for  potable  purposes,  while  leaving  the  supplies  and 
mains  in  their  present  condition. 

Mr.  Davey.  Henkx  Davey,*  M.  Inst.  C.  E. — The  speaker  thinks  that  a  high 
tribute  is  due  to  Mr.  He  ring  for  his  discussion,  in  which  the  case  is 
stated  very  clearly,  and  in  which  opinions  are  expressed  which  seem 
perfectly  in  accordance  with  the  facts  of  practice.  On  this  question, 
and  referring  only  to  the  English  practice,  or  what  has  been  termed  the 
sand  filter,  the  speaker,  who  for  many  years  has  had  charge  of  very 
large  filter  beds  dealing  with  large  quantities  of  very  impure  river 
water  which  it  is  necessary  to  filter  and  bring  into  a  jiroper  state  for 
domestic  use,  has  very  little  to  say,  because  the  general  principles 
have  been  so  thoroughly  stated  that  he  could  only  repeat  what  has  been 
already  said,  or  go  into  minute  questions  of  detail  which  would  not  be 
profitable. 

He  would,  however,  like  to  emphasize  what  has  already  been  said. 

The  question  of  sedimentation  is  a  highly  imijortant  one.     If  storage 

reservoirs  can  be  made  sufficiently  capacious,  the  quality  of  the  water 

may  be  so  improved  that  the  work  on  the  filters  is  reduced.     In  the 

*  Engineer,  Birmingham,  England,  Water- Woi-ks. 
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Siiml  filter,  as  has  been  pointed  out  already,  it  is  only  the  thin  layer  oi'  Mr.  Davey. 
the  surface  that  does  the  work,  and  the  object  is  to  maintain  that  thin 
stratum  in  a  quiescent  state  in  order  that  the  bacteriological  effects 
may  properly  take  place.  The  rate  of  filtration,  then,  is  an  important 
point,  because  time  must  be  given  for  these  bacteriological  operations. 
Four  inches  per  hour  has  been  named,  and  that,  according  to  the 
speaker's  experience,  is  good  practice  in  England ;  but,  as  Mr.  Deacon 
has  intimated,  the  longer  the  filter  works,  the  less  will  be  the  rate.  If 
an  average  of  4  ins.  is  taken,  it  may  be  too  rapid  to  begin  with.  We 
know  that  when  the  water  is  put  on  the  filter  immediately  after  the 
filter  has  been  cleansed,  that  there  is  very  little  eli'ect — the  water  goes 
through.  The  filter  should  be  worked  for  the  first  two  or  three  days 
at  an  exceedingly  low  rate  in  order  to  produce  the  film  that  is  neces- 
sary without  letting  many  bacteria  go  through.  When  the  filters  are 
newly  made  they  should  be  worked  very  slowly  indeed  to  get  the  best 
results.  Much  depends  on  the  class  of  water,  but,  from  the  speaker's 
exjjerience,  4  ins.  per  hour  should  be  the  maximum  with  waters  that 
are  high  in  bacteria. 

Although  a  thin  layer  of  sand  is  all  that  is  necessary  to  maintain 
the  surface  film,  yet  a  considerable  thickness  is  desirable,  for  the 
reasons  which  have  been  mentioned  by  Mr.  Deacon.  The  speaker  has 
found  that  in  a  section  of  the  filter  bed  having  a  depth  of  sand  of  say 
4  ft.,  there  are  streaks  of  pollution  through  the  sand,  showing  that  if 
that  had  been  very  much  thinner  much  polluted  matter  would  have 
gone  through.  He  thinks  it  is  a  safe  thing  to  have  a  great  depth  of 
sand,  but,  as  has  been  already  pointed  out,  it  should  be  sand  and  not 
pebbles  and  gravel,  which  are  only  useful  as  a  suiDjDort.  An  important 
point  which  has  given  the  sj^eaker  considerable  trouble  is  that,  unless 
the  inlet  to  the  filter  is  properly  constructed,  the  current  of  water 
around  it  disturbs  the  sand,  and  the  water  at  once  finds  its  way  down 
through  without  the  surface  film  being  formed.  It  is  not  necessary  to 
go  into  the  actual  construction,  but  merely  to  mention  that  the  distri- 
bution of  the  water  over  the  filter  and  on  the  filter,  in  such  a  way  that 
the  surface  is  not  disturbed,  is  an  important  point  to  be  taken  into 
consideration. 

J.  N.  Greene,  M.  Am.  Soc.  C.  E. — The  speaker  would  like  to  ask  Mr.  Greene, 
some  of  the  learned  gentlemen  who  have  discussed  these  questions, 
and  who  have  had  experience  in  filtration,  to  explain  how  to  eliminate 
from  the  filtered  water,  after  it  has  gone  through  the  filter,  all  the 
filthy  things,  such  as  the  drainings  from  cesspools,  stables,  dye  houses, 
tanneries  and  everything  that  borders  the  streams  which  flow  into 
the  river;  how  can  all  those  impurities,  which  are  held  in  solution,  be 
eliminated,  and  a  good  water  be  secured  by  filtering? 

The  real  secret  of  this  evil  of  consumption  of  foul  water  lies  often, 
and,  indeed,  in  most  cases,  in  the  short-sighted,  make-shift  way  in 
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Mr.  Greene,  wliieh  comimmities  treat  this,  one  of  the  most  important  subjects 
connected  with  their  life  and  health.  In  numerous  instances,  all  over 
this  and  other  countries,  large  cities  and  small  communities,  upon 
this  "  good-enough-for-the-present  "  plan  of  doing  things,  have  ex- 
pended large  sums  upon  impure  water  improvement,  knowing  it  to  be 
so  at  the  start,  and  growing  worse  every  year;  and,  even  with  such 
experiences,  go  on  and  enlarge  the  same,  at  great  outlays  of  money, 
which  they  do  only  to  increase  an  existing  evil,  instead  of  putting  the 
knife  to  the  root  and  exjiending  their  money  for  new  i^lant  to  secure 
pure,  or  approximately  jiure,  water.  Philadelphia,  Pa.,  and  Bangor, 
Me.,  are  striking  examples  of  this  class.  In  short,  the  speaker  does  not 
.  believe  it  is  practicable  or  possible  to  obtain  j)ure  water  by  filtering- 
water  which  is  loaded  with  imjiurities  held  in  solution  when  the  filtering 
process  is  begun. 

The  surest  way  to  get  pure  water  is  to  go  further  and  spend  more 
money  and  get  water  that  is  pure  and  fit  to  use,  without  the  artificial 
and  never-satisfactory  process  of  filtering. 
Dr.  Kemna.  Dk.  Ad.  Kemna  (Antwerp,  Belgium). — It  is  apparently  easy  to 
point  out  many  shortcomings  in  the  introdtictory  discussion,  and  jirac- 
tically  this  is  what  has  been  attempted  by  the  various  speakers.  But 
on  closer  examination  it  appears  that  all  that  has  been  said  may  be 
found  in  a  very  concise  form  in  Mr.  Bering's  discussion,  the  interest- 
ing discussions  being  but  instances  of  the  general  principles  laid  down 
as  a  basis. 

There  is,  however,  one  important  point  which  it  is  necessary  to  em- 
phasize. The  action  of  sand  filtration  is  essentially  a  biological  one. 
The  mechanical  action  of  straining  is  obvious ;  but,  as  microbes  are  much 
smaller  than  the  interstices  between  the  grains,  this  action  alone  does 
not  account  for  their  retention,  and  it  is  absolutely  inadequate  for  the 
reduction  of  the  dissolved  organic  matter.  Various  theories  have  been 
proposed;  the  one  which  considers  reduction  as  a  fermentation  is 
consistent  with  the  greatest  number  and  the  greatest  variety  of  facts. 

So,  for  example,  an  apparent  contradiction  can  be  easily  explained. 
Animal  pollution  is  easily  reduced  by  filtration,  while  we  have  it  on 
the  authority  of  Mr.  Fuller  that  vegetable  color  is  extremely  hard  to 
remove.  Now  we  know  from  our  school  chemistry  that  vegetable 
organic  compounds  are  much  more  stable  than  animal  nitrogenous 
contamination;  the  filter  masters  the  one  and  fails  with  the  other. 
Besides,  microbes  do  not  act  on  all  substances ;  in  racemic  acid  the  tar- 
trate will  be  destroyed  and  the  right  remains  unaltered;  similar  cases 
are  likely  to  occur  with  the  mixture  we  call  organic  matter  in  water. 

Negative  laroofs  can  be  given  of  that  biological  action.  In  moderate 
climates,  the  bacterial  efficiency  of  sand  filtration  is  over  99j?o"';  but 
in  colder  climates,  like  Warsaw  and  Odessa,  only  96"^  is  reached,  and, 
according  to  Simin  (Moscow),  the  reduction  is  as  low  as  60  per  cent. 


Papers.]  DISCUSSION   ON    FILTRATION    OF    WATER.  963 

There  was  a  spell  of  sharii  frost  over  Western  Europe  in  December,  Dr.  Kemna. 
1899.  The  cold  had  not  set  in  three  days  before  the  filters  of  Antwerp 
gave  insuflficient  bacterial  and  chemical  purification.  The  size  of  a 
pin's  head  of  the  slimy  upper  layer  gives  in  the  field  of  the  microscope 
generally  over  200  living  organisms,  chiefly  diatoms;  during  the  cold 
there  were  4-  or  5,  and  it  seems  reasonable  to  admit  that  their  vital 
activity  also  is  greatly  diminished.  A  chemical  process  (iron  and 
marble)  was  applied  with  good  results  to  insure  the  quality  of  the 
supply. 

Another  proof  is  the  interesting  fact  that  at  Louisville,  according 
to  Mr.  Fuller,  ordinary  sand  filtration  does  not  work;  the  high  tur- 
bidity of  the  Ohio  water  shuts  out  the  light,  which  is  essential  to  the 
development  of  diatoms. 

The  sand  filter  has  been,  and  is  still,  in  many  places,  a  very  simple 
thing;  it  is  a  heap  of  sand;  water  is  poured  on  the  top  and  extracted 
from  underneath;  it  is  worked  by  a  foreman,  who  knows,  of  course, 
how  much  water  he  j^umps  on  the  filters,  but  he  cannot  always  tell 
how  much  each  particular  filter  is  doing,  its  speed,  etc. ;  generally  the 
filters  are  left  to  settle  that  between  themselves.  This  is  the  acme  of 
simplicity. 

But  now  compare  with  what  has  been  said  up  to  the  j)resent  time. 
At  the  intake  end,  Mr.  Lindley  wants  a  very  elaborate  arrangement  for 
subsidence,  to  be  worked  differently  according  to  meteorological  data. 
In  summer  the  water  is  made  to  travel  downward;  in  winter  it  is  to 
take  the  reverse  course.  The  admission  to  the  filters  is  regulated  by 
automatic  processes  so  as  to  keep  a  constant  level  above  the  sand.  The 
filter  itself,  as  described  in  1889  *  presented  many  special  features, 
namely,  a  series  of  layers  of  gravel  systematically  arranged.  The 
water  is  not  allowed  to  leave  the  filter  without  having  to  j^ass  a  sjjecial 
chamber,  with  aiitomatic  machinery  to  regulate  its  flow.  But  its 
troubles  are  not  over  yet,  for  now  comes  in  Dr.  Rideal,  who  says: 
"Filtration  does  very  well;  it  takes  out  99.9  and  a  series  of  9's  of 
microbes,  and  I  want  to  kill  by  heat  the  last  one."  All  these  various 
processes  added  together  make  up  a  long  list  of  complicated  appli- 
ances. 

It  has  been  said  that  facts  are  the  only  things  considered  by  engi- 
neers. But  facts  are  nothing  by  themselves  and  they  get  a  bearing 
only  in  conjunction  with  a  theory  to  explain  them;  if  it  is  contended 
that  there  is  no  theory,  that  means  only  that  there  is  no  avowed  theory 
and  that  we  are  led  by  an  unconscious  one.  Can  there  be  any  doubt 
that  an  outspoken  theory,  which  can  be  discussed,  is  to  be  preferred? 
The  very  common  belief  that  theory  is  of  no  practical  avail  and  is  at 
the  best  an  intellectual  luxury  is  utterly  wrong;  it  is  an  inquiry  as  to 
causes  of  phenomena  and  the  reasons  for  things  and  is  therefore  an 
*  Congr6s  pour  TUtilisation  des  Eaux  Fluviales,  a  Paris. 
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Dr.  Kenina.  absolute  necessity.  No  better  example  can  be  adduced  than  sand  fil- 
tration itself,  wbich  made  no  progress  during  fifty  years,  and  was 
rapidly  modified  and  perfected  as  soon  as  the  biological  theory  gave 
the  right  explanation.  It  will  pay  to  examine  by  the  light  of  our 
theoretical  knowledge,  as  far  as  possible,  the  various  complications 
which  have  been  proposed  in  the  ordinary  sand  filter.  But  at  the 
same  time  we  must  keep  in  mind  that  there  are  practical  limits. 

Taking  up  again  the  course  of  the  water,  we  meet  at  first  sedimen- 
tation, relied  upon  in  England  for  improving  the  quality.  Direct  oxy- 
genation is  the  explanation  which  probably  is  in  the  minds  of  most 
engineers;  but  experimental  jsroof  of  this  action  could  not  be  given. 
Mr.  Fuller  has  suggested  another  cause — the  subtraction  of  dissolved 
organic  matter  by  the  suspended  clay.  Then  there  is  vegetable  life 
favored  by  light,  which  also  does  a  good  deal.  But  it  is  still  an  open 
question  whether  the  amount  of  preliminary  purification  is  worth  the 
money  invested  in  large  reservoirs. 

When  the  water  is  kept  in  constant  motion,  Mr.  Lindley's  scheme 
seems  the  best  to  ensure  the  utilization  of  the  full  volume  of  the  reser- 
voir for  decantation.  The  walls  and  partitions  necessary  to  make  the 
different  channels  are  a  small  extra  cost  when  the  reservoir  is  covered, 
as  it  must  be  under  a  climate  like  that  of  Warsaw.  But  when  ordi- 
nary open  reservoirs  are  used,  the  surplus  expenditure  becomes  com- 
paratively large.  It  can  be  avoided  altogether,  however,  by  subdivid- 
ing the  reservoir  into  separate  sections,  successively  drawn  upon,  and 
in  which  there  will  be  no  flow  at  all;  many  observations  seem  to  show- 
that  there  is  abetter  settling  with  a  few  hours'  complete  rest,  than  with 
a  long  run  even  at  a  very  slow  speed.  This  very  simple  theoretical 
consideration  enables  us  to  consider  the  complications  of  the  intake, 
not  as  an  absolute  advantage  in  all  cases. 

A  great  deal  of  simplification  has  been  done  by  Mr.  Lindley  him- 
self as  to  the  gravel.  The  only  part  the  gravel  has  to  play  is  to  give 
a  support  to  the  sand  and  an  exit  for  the  water;  and  as  soon  as  this  is 
done  efficiently,  nothing  more  is  wanted. 

The  thickness  of  the  sand  is  a  much-discussed  question ;  the  small 
size  of  the  grain  is  all-important  for  the  mechanical  action  of  strain- 
ing; the  thickness  of  the  bed  is  all-important  with  the  physical  theory 
of  surface  action,  very  popular  some  decades  ago,  when  chemistry 
told  that  dissolved  matter  was  abstracted  from  the  water.  But  it  is 
an  undisputed  fact  that  quartz  has  only  a  very  limited  power  of  adhe- 
sion, quite  unlike  that  which  is  so  marked  with  aluminum  compounds. 
In  the  light  of  the  biological  theory,  the  sand  is  something  like  the 
gravel — a  support  to  the  superficial  living  layer.  The  well-ascer- 
tained fact  that  thick  filters  give  an  effluent  of  more  constant  bacteri- 
ological composition  has  received  a  simple  mechanical  explanation 
from   Allen    Hazen,  M.  Am.    Soc.    C.   E. ;    if   the  superficial  layer  is 
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broken  in  some  places,  a  thick  bed  of  sand  allows  of  only  a  small  Dr.  Kemna. 
direct  flow,  and  contamination  is  hept  down  to  a  minimum. 

As  the  reduction  of  dissolved  organic  matter  is  a  fermentation, 
some  time  must  be  allowed  for  it;  the  retention  of  the  microbes  is  a 
sort  of  compromise  between  the  erosive  mechanical  action  of  running 
water  and  the  stickiness  of  the  stuflf  coating  the  sand  grains;  for  these 
two  reasons  the  rate  of  filtration  must  be  kept  within  certain  limits. 
The  4  ins.  per  hour,  or  about  2.5  m.  per  day,  is  the  limit  fixed  by  the 
German  Imperial  Health  Office;  it  is  a  limit,  and,  as  the  engineer  of 
Birmingham  has  very  well  pointed  out,  that  speed  cannot  always  be 
given.  The  pace  of  a  man  walking  is,  say,  1  m.,  but  that  cannot  be 
expected  from  a  child.  When  a  filter  has  just  been  scraped  it  is  in  its 
infancy  and  must  be  worked  very  gently  at  first.  As  soon  as  the  fil- 
tering layer  has  formed,  the  speed  may  be  increased,  and,  according  to 
exj^erience  at  Antwerp,  may  be  much  more  than  the  4  ins.  per  hour 
and  still  give  good  results. 

The  suggestion  of  Dr.  Kideal  to  sterilize  the  water  is  based  on  the 
fact  that  some  epidemic  diseases  are  caused  by  water-borne  microbes. 
It  is  obvious  that  absolute  security  can  only  be  obtained  by  complete 
sterilization,  but  the  practice  of  fifty  years'  filtration  proves  that  the 
risk  of  contamination  is  an  exceedingly  small  one.  A  heating  appara- 
tus for  thousands  of  cubic  meters  means  a  large  expense;  a  special 
canalization  for  a  few  liters  of  water  a  day  is  another  big  item.  It  is 
a  question  whether  that  very  small  increase  of  security  is  worth  the 
extra  expense,  the  more  so  as  the  temijerature  of  70°  Cent.,  men- 
tioned by  Dr.  Bideal,  will  certainly  not  kill  all  the  spores,  some  of 
which  are  very  resistant. 

The  discussion  has  wavered  between  English  and  American  filters. 
In  both  cases  sand  is  applied,  but  that  is  the  only  j^oint  they  have  in 
common.  In  both  cases  this  jjoint  is  unimportant,  the  sand  being 
only  a  support — in  the  ordinary  filter  a  sujjport  to  a  layer  of  algae  and 
clay  in  which  biological  actions  are  prominent — in  the  mechanical 
filter,  merely  for  straining  out  the  coagulum.  Ordinary  sand  filtration 
is  not  at  all  an  artificial  process.  We  cannot  order  life  to  multiply, 
and  the  microbes  and  algae  to  work  in  a  special  way;  we  are  com- 
l^letely  at  their  mercy.  In  the  mechanical  filter  a  chemical  comjiound 
of  known  composition  and  predetermined  reactions  is  used  which 
can  be  adeqiiately  dosed.  The  comparison  between  the  two  processes 
is  really  an  antithetic  one. 

It  is  useless  to  emphasize  the  necessity  of  purifying  all  sujjerflcial 
waters  when  used  for  distribution.  It  is  only  a  question  of  cost, 
depending,  of  coiirse,  on  the  amount  of  water  to  be  treated;  so  that  the 
possibility  of  bettering  a  supply  is  intimately  connected  with  the 
stoppage  of  leaks  and  wasteful  use.  This  appears  to  be  very  large  in 
England  and  absolutely  enormous  in  America.     It  causes  large  expen- 
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Dr.  Kemna.  diture  to  provide  water,  the  tenth  part  of  which  only  is  really  used. 
It  also  increases  the  amount  of  sewage,  making  here  again  purification 
more  costly,  and  contaminating  the  water-course,  sometimes  the  very 
river  from  which  the  supply  is  derived.  Generally,  people  are  shrewd 
enough  not  to  pump  the  same  water  over  and  over  again,  but  send  it 
down  the  river  to  the  town  below.  In  the  first  case,  the  course  of  the 
water  is  a  circulus  of  life ;  in  the  second  case,  it  is  a  spiral. 

Referring  to  the  remarks  of  Mr.  Walter  Himter,  the  sjoeaker  feels 
bound  to  say  that  the  abandonment  of  bacteriological  analyses  for  the 
water-sujaply  of  six  million  of  people  is  a  step  in  the  wrong  direction. 
Answering  Mr.  Greene,  it  must  be  admitted  that  pollution  cannot 
be  kept  out,  and  must  therefore  be  dealt  with.  This  the  filter  does, 
and  the  fact  should  be  emj)hasized,  that  sand  filtration  is  not  an  arti- 
ficial or  a  theoretical  process,  that  it  is  a  natural  process,  especially 
because  that  process  is  exactly  like  what  goes  on  in  the  purification  of 
springs,  which  invalidates  the  sentimental  argument  against  purified 
river  water.  A  clear,  beautiful,  wholesome  spring  is  something 
which  comes  out  of  the  ground;  but  before  coming  out  it  was  in;  and 
before  being  in  it  had  to  come  in  from  above  as  rain  water  through 
the  air.  The  first  stage  of  entrance,  viz. ,  the  percolation  through  the 
upper  layers  of  soil  is  a  stage  of  enormous  pollution,  much  greater 
than  that  of  any  stream.  But  lower  down  all  is  taken  out  by  the 
natural  agencies  of  the  soil  and  by  a  series  of  very  complicated  chemi- 
cal, physical  and  bacterial  processes,  exactly  the  same  as  in  the  sur- 
face layer  of  a  sand  filter.  Engineers  and  scientists  who  have  charge 
of  a  sand  filter  cannot  claim  that  they  do  the  work;  it  is  the  filter 
which  does  it  for  them,  and  does  it  vei*y  well. 

Mr.  Hunter.  Walter  Hunter,*  M.  Inst.  C.  E. — The  speaker  agrees  with  Mr. 
Davey  and  other  speakers  as  to  the  desirability  of  sedimentation  before 
filtration,  as  no  doubt  it  eases  the  working  of  the  filters,  but  wishes  at 
present  to  deal  especially  with  Dr.  Rideal's  remark,  to  the  effect  that 
it  is  necessary  to  take  the  last  odd  microbe  out  of  the  water.  He  recol- 
lects very  well  being  told  by  Mr.  Hawksley,  whose  name  is  so  well 
known  in  the  water  world,  that  when  he  was  at  the  meeting  of  the 
British  Association  at  Bristol  two  years  ago,  there  was  a  learned  scien- 
tist there  of  the  same  profession  as  the  learned  doctor  himself,  who 
stated  that  he  had  j^ut  his  children  on  sterilized  food  and  water  and 
they  immediately  began  to  drooj).  He  found  it  was  absokitely  neces- 
sary to  return  to  ordinary  food  and  ordinary  water  in  order  that  they 
might  thrive.  That  is  a  practical  illustration.  The  speaker  thinks  we 
owe  an  immense  deal  to  the  chemist  and  bacteriologist,  who  set  us  up 
an  ideal  to  which  we  could  strive  to  attain;  but  still  he  believes  they 
sometimes  go  beyond  what  it  is  possible  to  attain  in  practice,  and  also 
beyond  that  which  is  really  desirable.     He  has  noticed  that  sometimes 

*  Engineering  Director,  Grand  Junction  Water-Works  Company  of  London. 
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a  sample  of  water  has  been  termed  inferior  in  (quality,  because  it  bap-  Mr  Hunter, 
pened  to  have  just  double  the  quantity  of  certain  chemical  matters 
contained  in  another  sample.  Take  organic  carbon,  for  instance.  One 
sample  had().l(i2  in  100  000  parts,  and  another  sample  0.309,  the  differ- 
ence being  0.147  in  100  000  parts,  or  e8Tr2T-2-  Again,  organic  nitrogen 
in  one  sample  Avas  0.028  in  100  000  parts,  and  in  another  0.033,  a  difier- 
ence  of  0.005  in  100  000  parts,  or  go-iruVTToTr-  These  are  figures  one 
cannot  easily  grasp,  and  are  really  infinitesimal,  both  samples  being 
equally  good  for  all  practical  pur^joses. 

After  all,  the  great  testimony  as  to  the  quality  of  any  water  is  found 
in  the  statistics  in  regard  to  the  health  of  the  community  supplied. 
The  admirable  way  in  which  the  water  supply  of  London  is  conducted, 
for  instance,  can  be  so  shown.  When  the  death  rate  in  the  Metropolis 
is,  as  it  was  a  week  or  two  ago,  something  between  12  and  13  per 
thousand,  and  when  the  average  for  the  year  continues  from  year  to 
year  to  be  something  between  17  and  19,  and  when,  too,  the  very  small 
amount  of  enteric  fever  which  we  have  in  this  enormous  city  is  noticed, 
the  inference  that  the  filtration  of  the  water  is  carried  out  in  a  very  ad- 
mirable way,  and  that  the  community  has  no  need  to  fear  in  regard  to 
the  quality  of  that  water,  seems  fully  justified.  The  Thames  has  been 
wonderfully  improved  by  the  action  of  the  Thames  Conservancy  dur- 
ing the  past  few  years.  The  raw  water  taken  from  the  river  is  at  least 
33)V  better  than  it  was.  "We  are  able  to  deal  with  it  absolutely  well  by 
filtration,  taking  out  something  like  from  98  to  99^o,  or  99.999%  of 
the  microbes,  and  the  chemical  analyses,  as  made  by  Sir  William 
Crookes  and  Professor  Dewar,  and  also  by  the  government  analyst, 
Doctor  Thori)e,  are  most  satisfactory.  The  speaker  desires  to  add  that 
Doctor  Thorpe,  the  new  chemical  examiner  for  London,  has  dropped 
the  system  of  microbial  examination  which  was  adopted  by  the  late 
Sir  Edward  Franklin,  and  confines  his  attention  to  chemical  analysis. 

H.  AiiFEED  EoECHLiNG,  M.  Inst.  C.  E.  (by  letter). — The  writer  is  Mr.  Roechlin^. 
very  sorry  not  to  have  had  the  pleasure  of  joining  in  the  oral  discussion, 
but  urgent  unforeseen  business  had  2->i'evented  him  from  doing  so. 
He  is  glad,  however,  to  make  a  few  written  observations,  as  he  is  of 
opinion  that  the  exchange  of  views  between  brother  engineers  in  dif- 
ferent countries  is  very  desirable  and  tends  in  the  end  to  break  down 
that  barrier  of  ajjparent  indifference  which  at  times  seems  to  exist. 

He  will  confine  his  remarks  to  a  point  in  sand  filtration,  which  is 
frequently  overlooked. 

When  Simpson  first  introduced  sand  filtration  at  the  Chelsea  Works 
on  a  large  scale,  about  the  year  1839,  he  had  no  idea  in  what  manner 
the  purification  of  water  was  brought  about  in  this  process;  he  imita- 
ted Nature,  and,  as  Nature's  own  processes  are  generally  simplicity  and 
perfection,  he  succeeded.  Since  then  this  process  has  become  popu- 
lar in  all  countries,  and  its  application  has  extended  from  year  to 
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Mr.  Roechling.  year,  but  its  merits  were  only  instinctively  guessed  and  were  not 
exposed  and  explained  scientifically  until  within  the  last  10  or  15 
years,  when,  chiefly  through  the  means  supj^lied  by  Koch,  it  had 
become  possible  to  ascertain  the  organized  matter  in  water,  /.  e. ,  the 
germs,  microbes,  micro-organisms,  or  whatever  name  we  may  give 
these  minute  beings,  which  belong  to  the  vegetable  kingdom. 

The  resiilts  then  obtained  clearly  i^roved  that  the  process  of  puri- 
fication in  sand  filtration  was  chiefly  brought  about  by  physical  or 
mechanical  agencies,  /.  e. ,  the  suspended  matters,  both  organized  and 
anorganized  (living  and  dead)  were  removed,  but  the  chemical  compo- 
sition of  the  water  was  but  little  affected. 

How  did  this  take  place? 

The  slimy  skin,  which  formed  sooner  or  later  on  the  surface  of 
every  sand  filter,  when  surface-derived  waters  were  being  filtered, 
acted  as  a  very  fine  strainer  in  catching  and  retaining  the  suspended 
matters  in  the  water.  By  degrees  this  skin  became  so  exceedingly 
retentive  that  it  would  not  even  allow  the  liquid  to  pass  through,  and 
then  the  filter  had  to  be  cleaned. 

But  if  there  was  an  almost  impermeable  layer  gradually  forming 
on  the  sand  surface,  how  was  the  air  to  pass  through,  -u-ithout  which 
the  micro-organic  life  could  not  cari'y  on  its  work  in  the  i^ores  of  the 
sand,  gradually  splitting  up  organic  matters  and  changing  them  into 
mineral  substances?  And  even  if  the  process  of  mineralizing  organic 
matters  were  not  entirely  due  to  biological  agencies,  it  was  pretty  well 
established  that  in  the  absence  of  oxygen  these  changes  soon  came  to 
a  standstill. 

When  it  is  remembered  that  sand  filters  are  now  being  filled  from 
below,  and  that  every  care  is  taken  to  drive  out  the  air  contained  in 
the  mass  of  the  sand;  when  it  is  further  kept  in  mind  that  afterward 
an  impermeable  skin  is  gradually  formed  on  the  surface,  it  is  not  sur- 
prising to  find  the  results  i^revioiisly  stated,  viz.,  the  removal  from 
the  water  of  all  susiDended  matters,  but  no  great  improvement  in  the 
chemical  comjDosition  of  the  water. 

The  writer  had  been  asked  how  he  explained  a  slight  chemical 
improvement  which  was  noticeable  with  most  waters,  and  he  had  stated 
that  these  small  chemical  changes  went  on  until  the  oxygen  contained 
in  the  sand  and  water  was  xised  up. 

Totally  different  to  the  sand  filtration  of  drinking  water  was  the  fil- 
tration of  sewage  or  any  other  impure  liquid  through  land,  which  pro- 
cess the  writer  had  named  the  natural  self-purification  of  sewage. 
Here  it  was  of  the  utmost  importance  to  jsrevent  a  crust  forming  on 
the  surface  of  the  laud,  so  as  to  admit  plenty  of  air  to  the  micro- 
organic  life  in  the  soil,  which  carried  on  the  benevolent  work  of 
mineralizing  organic  waste  matters. 

The  writer  has  not  time  to  go  into  the  very  interesting  difference 
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between  water  and  sewage  filters,  and  will  only  point  o^^t  that  the  con-  Mr.  Roechling. 
ditions  of  work  in  them  are  reversed,  hence  the  results  are  reversed 
also.     In  the  filtrate  from  sand  filters  there  are  but  few  germs  and  no 
chemical  improvement;  in  the  effluent  from  sewage  filters  there  are 
millions  of  germs  and  a  decided  chemical  improvement. 

In  conclusion,  the  writer  is  of  opinion  that  the  raw  material  for  a 
public  supply  for  drinking  purposes  should  be  chemically  and  other- 
wise as  free  from  objection  as  possible,  so  as  to  reduce  the  difficulties 
and  the  costs  of  purification,  because  it  is  a  lengthy  and  expensive 
process  to  use  first  a  filter  constructed  on  the  same  principles  as  a 
sewage  filter  and  afterward  a  water  filter,  as  we  now  understand 
them. 


Rensselaer     \^ 
.^^^Polytechnic^¥\ 

Institute^ 
Troy,  N.Y. 


Ijooal  examinations  provided  for.  Send  for  a  Gatalogu^^ 


Louisville  Cement. 


The  nndersigned  is   General  Agent  for  the  following  Standard  Brands  of 
Louisville  Cement : 

FAIiLiS  BIILiL.S  (J.  Hnlme  Brand), 

BliACK  DIAMOND  MHjIiS  (River),  Diamond  Brand, 

SPKED  MILiLiS,  Star  Brand, 

FALLiS  CITY  MIIiLiS,  Anchor  Brand, 

BLACK.  DIAJMIOND  AlILiliS  (Railroad),  Diamond  Brand. 


This  Cement  has  been  in  general  use  throughout  the  West  and  South 
since  1830,  most  of  the  public  works  having  been  constructed  with  it.  Orders 
for  shipment  to  any  part  of  the  country,  by  rail  or  water,  will  receive  prompt 
and  careful  attention. 

Sales  for  180S,  S,14S,568  Barrels. 

WESTERN     CEMENT     COMPANY, 

247  W.  Main  St.,  Louisville,  Ky. 


The  Weber  Railway  Joint  Mfg.  Co. 


EMPIRE      BUILDING, 
71    BROADWAY,  NEW  YORK 

branches: 

BOSTON,   Mason   Bldg. 
CHICAGO,  Old  Colony  Bldg. 

Baltimore,  eouitable  bldg. 
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Manufacturers  of 

**T"  STEP  and  INSULATED 

OINTS. 


Pacific  Flush  Tank  Co. 

84  LA  SALLE  STREET,  CHICAGO,  ILL., 

MANUFACTURERS    OF   THE 

FOR  INTERMITTENT  FLUSH  TANKS. 


Used  for  Flushing  Street-Sewers. 

NO  MOVING  PARTS.      NO  JOINTS.      NO  LITTLE  TRAPS. 

RECEIVED  THE  HIGHEST  AWARD  IN  ITS  CLASS  AT  THE  WORLD'S 
COLUMBIAN  EXPOSITION  FOR 

Simplicity  of  Construction,  Etfectiveness  and  Reliability. 


Salt  Lake  City,  Utah,  December  14,  1897. 

******       Flushing  with  the  hose  is  not  satisfactory  for  the  reason 

that  it  is  expensive,  and  owing  to  the  time  it  takes  to  get  over  the  system  the  laterals  are 

not  flushed  often  enough  to  keep  them  clean.    The  laterals  flushed  by  siphons  are  in  much 

better  condition  than  those  flushed  with  the  hose.    The  Miller  Automatic  Siphons  that 

telflcient 
gineer. 


we  have  put  in  are  giving  entire  satisfaction,  and  in  my  opinion  they  are  the  most  ei 
siphons  in  use.  (Signed)  F.  C.  KELSEY,  City  Engi, 


BACH  SIPHON  GUARANTEED   ABSOLUTELY. 


Send  fok  Illustbated  Catalogue. 


FAIRBANKS' 

Patent  Automatic 
Cement  Testing  Machines 


Descriptive  Circular  of  flachines  and  Appliances,  with  Prices, 
Forwarded  on  Application. 


The   Fairbanks  Company, 

311  BROADWAY,  NEW  YORK. 

ALBANY,  N.  v.;     BALTIMORE,  Hd.;     BUFFALO,  N.  Y.; 

BOSTON,  Mass.;    PHILADELPHIA,   Pa.;   PITTSBURG,  Pa.;   NEW  ORLEANS,    La. 

MONTREAL,  Que.;     LONDON,  England. 


IV 


CONTINUOUS  RAIL  JOINT  nflMPftNY  OF  AMERICA. 


908=911  Lawyer's  Building, 

NEWARK,  N.  J. 

Millions  in  use  on 
123  Railroads. 

Fewest  parts  possi- 
ble. Provides  for  the 
increased 
I  tonnage  up 
to  date. 


BEST    ECONOMICAL    RESULTS. 


QIANT  PORTLAND,  manufactured  by 

EGYPT  PORTLAND.  AMERICAN  CEMENT  CO.,  Egypt,  Pa., 

IMPROVED  UNION,  LESLEY  &  TRINKLE,  Sales  Agents, 

AND  UNION  CEMENTS.  22  &  24  South  15th  St.,     Philadelphia 


Trident 

Disk  Water  Meter, 


Resilient  or  Retroactive  Frost  Bottom. 

"SECOND  TO  NONE"  inform,  materials 
construction,  capacity,  initial  accuracy  and 
sensibility. 

SUPERIOR  TO  ALL  in  convenience,  in  so- ' 

lidity  of  parts,  in  design,  in  maintained  ac- 

,,  —  Tjiir  curacy,  and  in  immunity  from  stoppages. 

MAY  BE  RUN  HARD  AND  LONG  without  smashing,  and  be  frozen   partially   or 
entirely  solid  without  damage  to  the  meter  or  expense  to  the  owmer. 

FULLY   ATTESTED,  by  most  competent  authorities,  as  being  "  beyond  competi- 
tion in  low  cost  of  maintenance." 

Illustrated  Catalogue,  giving  full  details,  mailed  to  any  applicant. 

NEPTUNE     METER     COMPANY, 

253     BROADWAY, 


DESIGNED   BY   JOHN   THOMSON. 


NEW  YORK  CITY. 


ESTA.BLISHEr)     1845. 


LARGEST   MANUFACTURERS   IN   AMERICA   OF 

Civil  Engineers'  and  Surveyors'  Field  Instruments. 
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LATEST  CATALOGUE  MAILED  ON  APPLICATION. 
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THE    F.  O.  NORTON    COMPANY, 


— MANUFACTURER   OP — 


92    BROADWAY,   NEW  YORK. 


Particularly  adapted  for  work  under  water,  for  which  use  it  is 
superior  to  the  best  Portland  Cement,  when  used  i  to  i. 

Certificates  of  tests  and  reports  on  actual  use  in  important  public 
works  furnished  on  application. 


OUR     LEADING 

Architects,  Engineers  and  Builders 

SPECIFY  AND  USB 

BROOKLYN    BRIDGE    BRAND 

ROSENDALE   HYDRAULIC   CEMENT. 

PARK  ROW  OFFICE  BUILDING— 30  STORIES. 
'  i     WALDORF-ASTORIA  HOTEL— LARGEST  IN  THE  WORLD. 

HAVE  SUPPLIED  FOR  NEW  YORK  CROTON  AQUEDUCT.  IN  1897  AND  1898,  165,000  BARRELS. 


USED  EXCLUSIVELY  ON 


^^L^5  Portland  Cement 

IS  THE  STANDARD 
AMERICAN    PORTLAND. 

The  U.  S.  Government  gives  it  preference  over  all  other  brands* 

ATLAS  PORTLAND  CEMENT  CO,, 
J43  LffiERT^  STREET,  NEW  YORK  CITY. 


IRONCLAD  PORTLAND  CEMENT 

Manufactured  by  Glens  Falls  Portland  Cement  Co. 

S«U  Selling  Agent,  Commercial  Wood  &  Cement  Co., 

156  FIFTH  AVENUE,  NEW  YORK 


High-grade  American 
PORTLAND  CEMENT 

unsurpassed  for  making 

Fine  Artificial  Stone. 


VII 


ESTABLISHED  1872. 


F.  E.  BRANDIS  SONS  &  GO. 


MANUFAOTUKEES    OF 


Engineers'  and  Surveyors'  Instruments, 

814    GATES    AVENUE, 

BROOKLYN,      NEW     YORK. 


Catalogues  mailed  on  application. 


The  Rand  Drill  Company, 

Pioneers  in  Rock  Drilling  and  Air  Compressing  Machinery, 

loo    BROADWAY,   NEW  YORK, 

HAS  BEEN  AWARDED 

THREE    COLD    MEDALS 

AT   THE 

PARIS    EXPOSITION 
For  AIR  COnPRESSORS  and  ROCK  DRILLS. 

Eppinger  &  Russell  Co., 

CREOSOTING  WORKS, 

Dead  Oil  of  Coal  Tar  Process. 


Piles  and  Timber  treated  with  the  above  Oil  for  all  purposes, 
when  preservation  is  desired. 


Introduced  in  England  by  Mr.  Bethel  in  1838.  DEAD  Oil.  OP  COAL  TAR  la  the 
only  known  product  of  commercial  application  that  will  preserve  TIMBER  FROM 
DECAY,  LAND  AND  MARINE  INSECTS. 

Our  Mr.  Valentine  has  had  practical  experience  since  1872,  and  we  have  specimens  of 
Piles  and  Timber  treated  by  him  in  1874.  which  are  in  use  to-day  and  are  in  a  perfect  state  of 
preservation.     We  have  the  largest  and  hest  equipped  plant  in  the  Mrorld. 
Cylinders  100  ft.  long,  capacity  1,500,000  ft.  per  month. 
Direct  Water  and  Rail  Communications. 

MANUFACTUKKBS   OF   THE 

Valentine  Electrical  Subway  Conduit. 

OFFICES: 
66  BROAD  ST.,  NEW  YORK. 


WORKS: 

Foot  First  Street  and  Newtown  Creek, 

LONG  ISLAND  CITY. 


SEND  FOB  OIROUIiABS  AND  PRICES. 


VIII 


FOR    WATER     MAINS. 


Measurements  by  these  meters  are  as  accurate  as  any  that  can  be  made.    The  loss 
of  head  is  trifling. 

Meters  for  laboratories  of  Schools  and  Colleges. 

BUILDERS  IRON  FOUNDRY,  Providence,  R.  I. 

A.  J.    SNYDER   &,   sons' 

"CI)[SC[r^BRAi(DI)OS[NDIll[C[M[IIT 

EspeciaUy  manufactured  for 

requiring  a  high  grade  testing  cement.    Over  30,000  barrels  were  used  on 
the  new  dams  for  the  Crotou  Aqueduct,  and  not  one  barrel  was  rejected. 

Tn^'^jr/s^/ot'"   HENRY  R.  BRIGHAM,  General  Agent, 

35  STONE  STREET,  NEW  YORK  CITY. 

Otis  Elevator  Company. 

HYDRAULIC, 

ELECTRIC  AND 

STEAM  ELEVATORS 

For  Passengers  and  Freight. 


NEW   YORK,  BOSTON, 

CHICAGO,  PITTSBURG, 

PHILADELPHIA,  SAN  FRANCISCO. 


IX 

^ENGINEERS, 8*- 

ADDRESS    THE    WORKS    DIRECT, 

JOHN  STREET,  WEST  NEW  BRIGHTON,  STATEN  ISLAND,  N.  Y. 

(ESTABLISHED     1873), 

Make  a  specialty  of  Machinery  for  the  rapid  and  economical  handling  of  heavy  or 
bulky  materials,  as  well  as  Plans  for  Storage  Buildings  and  'Wharves, 

ENGINEERS  ARE  REQUESTED  TO  SEND  FOR  OUR  CATALOGUES. 
"Coal-Handling  Machinery,"  "Cable  Railways  for  Freight," 

"Conveyors"  Gravity  Bucket,  "Manilla  Rope"  Transmission, 

"Industrial  Railways."  "Coal  Handling  in  Power  Plants." 

EXTENT  OF  Asphalt  Pavements 

IN  THE  UNITED  STATES  AND  CANADA. 

Trinidad  Lake  Asphalt  Pavement,  21,527,415  square  yards,  or  90% 
Other  kinds  Asphalt  Pavement,        2,307,064  square  yards,  or  10% 


otthljrinidad  lake  asphalt  pavement 

10,000,000  square  yards,  or  nearly  50%, 

WAS  LAID  BY 

TH[  BiBBfB  IISPHUT  PiUIWG  CDMPiNlf. 

This  is  equal  to  about  650  miles  of  Roadway,  26  feet  widov 

The  Asphalt  used  by  this  Company  is  from  the  famous 
Pitch  Lake  in  the  Island  of  Trinidad,  B.  W.  I. 

J^' Plans  and  Estimates  Furnished  on  Application. 

GENERAL   OFFICES  : 

LE  DROIT  BUILDING,     ■        ■        ■     WASHINGTON,  D.  C. 

BOWLING  GREEN  BUILDING,  No.  II  Broadway,  New  York. 

F.  V.  GREENE,  President. 

SUPERIOR  GRAPHITE   PAINT 

For  BRIDGES,  A  STRUCTURAL 

ROOFS,    .         ^         IRON,    .... 

And  all  Exposed  Metal  or  Wood  Surfaces. 


"^heTtiiirs^iirbrlni:         Detroit  Graphite  Mfg.  Co., 

^llnK.^'.  ^r'^  •*:  DETROIT,  MICH 


Q  &  W  Tie  Plate 

ALTHOUGH  SOMETHING  NEW, 

Has    a    Record,    from    the   fact   that    it   is    a 
combination  of  the 

SERVIS  AND 
WOLHAUPTER 
PLATES 

CHICAGO  : 

700=712  Western  Union  Building. 
NEW  YORK: 

106  Liberty  Street. 
SAN  FRANCISCO: 

537   Mission  Street. 


Connecting  Branch  Sleeve 

—  Tapping  Apparatus 

For  making  Large  Connections  without 

Shutting  Off  Water  or  Reducing  Pressure. 

This  is  no  experiment,  but  has  been  used 
by  the  Water  Departments  of  numerous 
cities  for  years  with  entire  success.     Con- 
nections from  2  to  '24  ins.  have  been  made  with  mains  from  4  to 
48  ins.     For  full  information,  address 

THE  A.  P.  SMITH    MFO.  CO.,  921  Prudential  Building.  Newark.  N.  J. 


The  Evening  Post  Job  Printing  House, 

FULTON   STREET,  CORNER   BROADWAY, 
NEW  YORK. 


PRINTERS    OF    PERIODICALS. 


XI 


ALCATRAZ    ASPHALT 

Guaranteed  free  from  Coal  Tar  or  Petroleum  Residuum, 

^""^  Reservoir  Linings 

and  Pipe  Coatings. 

^PH/di^  — — 

Qp;^SN_^.<^by       j^Q    AlcatraZ    Co.,  San  Francisco,  Cal. 
General  Eastern  Office,  3  West  29th  St.,  New  York. 


ATLANTIC.CULF  AND  PACIFIC  CO. 


ilydraulic  Dredge  discharging  through   s,7oo  it.  of  pipe. 
ENGINEERS   AND    CONTRACTORS 

G.W.CATT,  M.Am.  Soc.  C.E„  Pres.&  Eng.  U.S.  WOOD,  C.E.,  Sec.  &Treas.  H.KRUSI,  C.E.,Pac.Coa5t  Man.  R.A.PERRY,  Supt. 

SPECIALTIES:  Dredging,  Dredging  Machines,  Land  Reclamation,  Docks,  Piers,  Foundations, 
Bridges.    Correspondence  solicited. 
MAIN  OFFICE:  PARK  ROW  BUILDING,  NEW  YORK. 
PACIFIC  COAST  OFFICE;  220  MARKET  ST.,  SAN   FRANCISCO,  CAL. 


WEST  PASCAGOULA  CREOSOTE  WORKS, 

WEST  PASCAGOULA,  MISS. 
Situated  on  Pascagoula  Bay  and  on  the  line  of  tlie  Louisville  and  Nashville  Railroad. 

These  works  have  been  in  operation  for  more  than  twenty  years,  were  recently 
entirely  rebuilt  and  enlarged,  and  are  now  prepared  to  execute  all  orders  for  creosoted 
piles  and  timber  thoroughly  impregnated  with  dead  oil  of  coal  tar. 

New  cylinders  115  feet  long.     Capacity,  one  million  feet  per  month. 

Address  S.   W.    LABROT, 

SuPT.  West  Pascagoula  Creosote  Works, 

West  Pascagoula,  Miss. 
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Architects  and  Builders, 

When  making  Contracts,  should  remember  that 

12,000,000  Barrels 

"HOFFMAN" 

CEMENT 

Have  been  used  on  important  works  throughout  the  United  States. 

No  OTHER  Cement  Company  can  show  such  a  Record. 

Lawrence  Cement  Co. 

Sales  Office,  No.    i   Broadway,   New  York. 


LABORATORIES  OF  Dr.  CHAS.  F.  McKENM,^ 


PEARL   ST.,    NEW  YORK, 


Successor  to  Dr.  GIDEON  E.  MOORE. 

DEPARTMENT  OP  CHEMISTRY.  Analyses  and  Assays  of  Ores,  Metals.  Waters  and  Natural 
and  InduBtrial  Products  of  every  description. 

DEPARTMENT  OF  PHYSICAL  TESTS.  Tensile,  Transverse  and  Compression  Tests  of  Iron,  Steel 
and  other  Metals  and  Alloys,  Cements,  Building  Stones  and  Engineering  Materials  generally 

EST^^VBLISHED    18G6. 


Warren  Foundry  and  MacMne  Co. 

works  at  PHnjJPSBURG,   NEW  JERSEY. 

SALES  OFFICE:   160  BROADWAY,    NEW  YORK. 


CAST-IRON,  WATER  AND  GAS  PIPE, 

Fbom  3  TO  48  Inches  Diameter. 
Also  all  sizes  of  FLANGED    PIPE!  and  SPECIAL.   CASTINGS. 


imii 


Improved  RiGiD&SpmHcFRoci5,(R055iiiG5|fRACK  Work 
5imgle£.Three  Throw  Split 6witche5,I  l^^Jh^'!'}}^!}}?; 
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One  Page 

One-half  Page 

One-quarter  Page 
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MINUTES  OF  MEETINGS. 


OF  THE  SOCIETY. 


October  3d,  1900. — Tlie  meeting  was  called  to  order  at  8.40  ip.  m.  ; 
Vice-President  Rudolph  Hering  in  the  chair;  Charles  Warren  Hunt, 
Secretary ;  and  present,  also,  71  members  and  10  visitors. 

The  minutes  of  the  meetings  of  September  5th  and  19th  were  ap- 
proved as  printed  in  Proceedings  for  September,  1900. 

A  paper  by  David  A.  Molitor,  M.  Am.  Soc.  C.  E.,  on  "  The  Theory 
and  Practice  of  Precise  Spii'it  Leveling,"  was  presented  in  abstract  by 
the  Secretary,  who  also  read  a  written  communication  on  the  subject 
by  Herbert  M.  Wilson,  M.  Am.  Soc.  C.  E.  The  subject  was  also  briefly 
discussed  by  Mr.  Hering. 

Messrs.  J.  H.  Myers,  Jr.  and  M.  E.  Evans,  Assoc.  Ms.  Am.  Soc.  C. 
E.,  were  appointed  tellers  to  canvass  ballots  on  the  following  proposed 
amendment  to  the  Constitution. 


216  MINOTES   OF   MEETINGS.  [Society 

Amend  Article  VII,  as  follows : 

Section  2.  *  *  *  Strike  out  this  section  and  substitute  the 
following: 

"2. — At  the  Annual  Meeting  of  each  year,  seven  Corporate  Mem- 
bers, not  officers  of  the  Society,  one  from  each  of  the  geographical 
districts,  shall  be  appointed  by  the  meeting  to  serve  for  two  years; 
who,  with  the  tive  living  last  Past-Presidents  of  the  Society,  shall  be  a 
committee  to  nominate  officers  for  the  Society. 

"  fhe  Board  of  Direction  may  prescribe  the  mode  of  procedure  for 
ai3pointing  this  Committee. 

"  The  Committee  so  appointed  shall  meet  at  the  Annual  Convention 
of  the  Society,  and  nominate  candidates  to  fill  the  offices,  named  in 
Article  V,  so  as  to  provide,  with  the  officers  holding  over,  a  Vice-Presi- 
dent and  six  Directors  residing  in  District  No.  1,  and  twelve  Directors 
divided  equally,  with  regard  to  number  and  residence,  among  the 
remaining  districts,  Nos.  2,  3,  4,  5,  6  and  7. 

"A  list  of  nominees  for  the  offices  to  be  filled  at  the  next  Annual 
Election  shall  be  presented  by  the  Committee  to  the  Board  of  Direction 
within  ten  days  after  the  nominees  have  been  selected." 

The  tellers  reported  the  vote  as  follows : 

In  favor  of  the  Amendment 193 

Against  Amendment 53 

Total  votes 246 

The  Chairman  declarded  the  amendment  adopted. 

The  Secretary  read  the  list  of  nominees  *  presented  by  the  Nomi- 
nating Committee  for  the  offices  to  be  filled  at  the  next  annual  elec- 
tion. 

Ballots  were  canvassed,  and  the  following  candidates  were  declared 
elected. 

As  Membees. 

Fkedekick  Chkistian  Holbekg  Akentz,  Lafayette,  Ind. 
ARCHiBAiiD  Smith  Frew,  Queensland,  Australia. 
Louis  Chaklton  Feitch,  Washington,  Ind. 
Waeeen  Allston  Leland,  Columbus,  S.  C. 
AiiEXANDEE  Hamilton  Weber,  Havana,  Cuba 
Edwaed  Loweey  Woodeuff,  Milwaukee,  Wis. 

As  Associate  Membees. 

James  Gaenett  Basingee,  New  York  City. 
EoMEO  Thompson  Betts,  New  York  City. 
RiCHAED  Davenpoet  Chase,  Brooklyn,  N.  Y. 
Beyan  Cheves  Collier,  New  York  City. 
WUiiiiAM  Hugh  Coveedale,  Pittsburg,  Pa. 
Francis  Henry  DmiiON,  Saltillo,  Coahuila,  Mexico. 
♦See  page  219. 
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Thomas  Alvin  GrLKEY,  Pueblo,  Colo. 
RiCHAKD  Hen  WOOD  Gillespie,  New  York  City. 
Thomas  Gobdon  Janney,  Centerville,  Idaho. 
Julius  Kahn,  Tokio,  Japan. 
William  Henry  Luster,  Jr.,  Elizabeth,  N.  J. 
Perciyal  Eobert  Moses,  New  York  City. 
Henry  Nelson  Pharr,  Memphis,  Tenn. 
Arthur  Dickson  Prince,  New  York  City. 
Robert  Maitlamd  Roy,  Hamilton,  Canada. 

The  Secretary  announced  that  the  following  candidates  were  elected 
by  the  Board  of  Direction,  October  2d,  1900. 

As  Associates. 

Ernest  Robinson  Ackebman,  New  York  City. 
Jacob  Herbert  Sawyer,  Chestnut  Hill,  Mass. 

As  Juniors. 

Raymond  Edmond  Adams,  Philadelphia,  Pa. 
Walter  Hinds  Allen,  Durango,  Me.\ico. 
Eugene  Bradford  Bumsted,  Jersey  City,  N.  J. 
Arthcr  Mortimer  Day,  New  York  City. 
Horace  De  Remer  Haight,  Detroit,  Mich. 
Edward  Eastman  Minor,  New  Haven,  Conn. 
Lazarus  White,  New  York  City. 

Adjourned. 

October  17th,  1900. — The  meeting  was  called  to  order  at  8.30p.m., 
Vice-President  Whinery  in  the  chair;  Charles  Warren  Hunt,  Secretary, 
and  present,  also,  74  members  and  11  visitors. 

A  paper  by  Octave  Chanute,  Past-President  Am.  Soc.  C.  E., 
entitled  "  The  Preservation  of  Railway  Ties  in  Eurojie,"  was  read  by 
the  Secretary,  and  discussed  orally  by  Messrs.  J.  J.  R.  Croes,  W. 
Boardman  Reed,  E.  P.  North,  George  W.  Tillson,  Mendes  Cohen, 
S.  Whinery,  Ward  Baldwin  and  H.  J.  Howe. 

The  Secretary  announced  the  death  of  George  Dana  Emerson, 
elected  Member  September  18th,  1872;  died  September  28th,  1900. 

Adjourned. 
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OF  THE  BOARD  OF  DIRECTION. 

(Abstract.) 

October  2d,  1900.— 8.10  p.  m. — Vice-President Hering  in  the  Chair; 

Charles  Warren   Hunt,    Secretary;   and   present,    also,  Messrs.  Knap, 

Morison,    Noble,     Ricketts,     Schneider,    Seaman,    Turner,    Whinery, 

Wisner. 

A  report  was  received  from  a  Committee  appointed  to  report  on  the 

status   of  the  Juniors   elected  prior  to   the   adoption   of  the  present 

Constitution. 

The  report  of  the  Nominating  Committee  was  received.* 
Resignation  of  Eobert  Gordon,  M.  Am.  Soc,   C.  E.,  was  presented 

and  accepted. 

The  date  of  the  next  monthly  meeting  of  the  Board  was  fixed  as 

Friday,  November  2d,  1900. 

Applications  were  considered  and  other  routine  business  considered- 
Two  candidates  for  Associate  and  nine  for  Junior  were  elected. 

Adjourned. 


ANNOUNCEMENTS. 

in  accordance  with  the  resolution  of  the  Board  of  Direction  the 
House  of  the  Society  is  open  every  day,  except  Sunday,  from  9  A.  M. 
to  10  P.  M. 

MEETINGS. 

Wednesday,  November  7th,  1900. — 8.30  p.m. — A  regular  business 
meeting  will  be  held.  Two  papers  will  be  presented  for  discussion: 
"  Canals  Between  the  Great  Lakes  and  New  York,"  by  Joseph  Mayer, 
M.  Am.  Soc.  C.  E.,  and  "The  Economic  Dimensions  for  a  Waterway 
from  the  Great  Lakes  to  the  Atlantic,"  by  George  Y.  Wisner,  M.  Am. 
Soc.  C.  E. 

These  papers  are  printed  in  this  number  of  Proceedings. 

Wednesday,  November  21st,  1900. — 8.30  p.m. — The  discussion  of 
the  subject  introduced  by  the  papers  of  Messrs.  Mayer  and  Wisner  will 
be  continued. 

*  See  page  219. 
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LIBRARY  CATALOGUE. 

It  is  hoped  that  the  Catalogue  of  the  Library  will  soon  be  ready  for 
distribution.  Members  who  wish  to  have  this  volume  bound  in  the 
usual  standard  binding  can  do  so  by  notifying  the  Secretary  before 
November  1st,  1900.  The  volume  will  be  uniform  in  size  with  recent 
volumes  of  Transactions. 

LIST  OF  NOMINEES  FOR  THE  OFFICES  TO  BE  FILLED  AT  THE 
ANNUAL  MEETING,  JANUARY  i6th,  1901. 

The  following  list  of  nominees  for  the  offices  to  be  filled  at  the  an- 
nual election,  January  16th,  1901,  were  presented  by  the  Nominating 
Committee  to  the  Board  of  Direction  at  its  meeting  on  October  2d, 
1900,  and  announced  at  the  meeting  of  the  Society  on  October  3d,  1900. 
The  list  has  already  been  mailed  to  all  Corporate  Members. 

For  President,  to  serve  one  year. 
J.  James  E.  Cedes,  New  York  City. 

For  Vice-Presidents,  to  serve  two  years. 

Henky  S.  Haines,  New  York  City,  representing  District  No.  1. 
Geokge  H.  Benzenbekg,  Milwaukee,  Wis. ,  representing  District  No.  5. 

For  Treasurer,  to  serve  one  year. 
Joseph  M.  Knap,  New  York  City,  representing  District  No.  1. 

For  Directors,  to  serve  three  years. 

JosiAH  A.  Bbiggs.  New  York  City,  representing  District  No.  1. 
Geouge  F.  Swain,  Boston,  Mass.,  representing  District  No.  2. 
Emxl  Kuichling,  Rochester,  N.  Y.,  representing  District  No.  3. 
MoKDECAi  T.  Endicott,  Washington,  D.  C,  representing  District  No.  4. 
Fkank  C.  Osbokn,  Cleveland,  Ohio,  representing  District  No.  5. 
Frank  C.  Caktek,  Chicago,  111.,  representing  District  No.  5. 
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MONTHLY  LIST   OF   RECENT   ENGINEERING   ARTICLES  OF 

INTEREST. 

(September  13th  to  October  10th,  1900.) 

Note.  —  This  list  is  published  for  the  purpose  of  placing  before  the  members 
of  the  Society  the  titles  of  current  engineering  articles,  which  can  be  referred 
to  in  any  available  engineering  library,  or  can  be  procured  by  addressing 
the  publication  directly,  the  address  and  price  being  given  wherever 
possible. 

LIST  OF  PUBLICATIONS. 

In  the  subjoined  list  of  articles  references  are  given  by  the  number  pre- 
Aved  to  each  journal  in  this  list. 


(i)  Journal,  Assoc.  Eng.  Soc,  257  South 
Fourth  St.,  Philadelphia,  Pa.,  30c. 

(2)  I^-oceedinf/s,  Eng.  Club  of  Phila.,  1122 

Girard  St.,  Pliiladelphia,  Pa. 

(3)  Journal,    Franlclin    Inst.,    Philadel- 

phia, Pa..  50c. 

(4)  Journal,  Western  Soc.  of  Eng.,  Mo- 

nadnoclv  Block,  Chicago,  111. 

(5)  Transactions,  Can.  Soc.  C.  E.,  Mon- 

treal, Que.,  Can. 

(6)  School  of  Mines  Quarterhj,  Columbia 

Univ.,  New  York  City,  50c. 

(7)  Technoloc/!/    Quarterly,    Mass.     Inst. 

Tech.,  Boston.  Mass.,  75c. 

(8)  Stevens  Institute  Indicator,  Stevens 

Institute,  Hoboken,  N.  J.,  50c. 

(9)  Engineering   Magazine,    New   York 

City,  30c. 

(10)  Cassier''s  Magazine,  New  York  City, 

25c. 

(11)  Engineering  (London),  W.  H.  Wiley, 

New  York  City,  35c. 

(12)  The  Engineer  (LiOndon),  International 

News  Co.,  New  York  City,  35c. 

(13)  Engineering  News,  New  York  City, 

15c 

(14)  The  Engineering  Record,  New  York 

City,  12c 

(15)  Railroad  Gazette,  New  York  City, 

10c. 

(16)  Engineering   and    Mining   Journal, 

New  York  City,  15c. 

(17)  Street  Railway  Journal,  New  York 

City,  35c. 

(18)  Railway   and   Engineering    Review, 

Chicago,  111. 

(19)  Scientiftc  American  Supplement,  New 

York  City,  10c. 

(20)  Iron  Age,  New  York  City,  10c. 

(21)  Railway    Engineer,    London,     Eng- 

land. 

(22)  Iron  and  Coal  Trades  Revieiv,  Lon- 

don, England. 

(23)  Bulletin,  American  Iron  and  Steel 

Assoc,  Philadelphia,  Pa. 

(24)  American    Gaslight    Journal,    New 

York  City.  10c. 

(25)  Am-erican  Engineer,  New  York  City, 

30c. 

(26)  Electrical  Revieiv,  London,  England. 

(27)  Electrical  lVo7-ld  and  Electrical  En- 

gineer, New  York  City,  10c. 

(29)  Journal,   Society  of  Arts,   London, 

England. 

(30)  Annates    des    Travaux   Publics   de 

Belgique,  Brussels,  Belgium. 

(31)  Annates  de  V  Assoc,  des  Ing.  Sortis 

des  Ecdle  Sped  ales  de  Gand,  Brus- 
sels. Belgium. 


(32)  Memoirs  et  Compt  Rendu  des  Tra- 
vaux, Soc.  Ing.  Civ.  de  France^ 
Paris,  France. 

{33)    Le  Genie  Civil,  Paris,  France. 

(34)  PortefeuiUe    Econoinique    des    Ma- 

chines, Paris,  France. 

(35)  Nouvelles  Annates  de  la  Construc- 

tion, Paris,  France. 

(36)  La  Revue  Technique,  Paris,  France. 

(37)  Revue  de  Mecanique,  Paris,  France. 

(38)  Revue  Genirale  des  Chemins  de  Fer 

et  des  Trarmvays,  Paris,  France. 

(39)  Railway  Master  Mechanic,  Chicago, 

111. 

(40)  Railway  Age,  Chicago,  111.,  10c. 

(41)  Modern  Machinery , Chicago,  111.,,  10c. 

(42)  Transactions,  Am.  Inst.  Elec.  Eng., 

New  York  City,  50c. 

(43)  Annates    des    Fonts    et    Chaussies, 

Paris,  France. 

(44)  Journal,    Military   Service    Institu- 

tion, Governor's  Island,  New  York 
Harbor,  75c. 

(45)  Mines  and  Minerals,  Scranton,  Pa. 

20c. 

(46)  Scientific  Am,erican,  New  York  City, 

10c. 

(47)  Mechanical   Engineer,     Manchester, 

England. 

(48)  Zeitschrift  des  Vereines  Deutscher  In- 

genieure,  Berlin,  Germany. 

(49)  Zeitschrift  far  Bauwesen,  Berlin,  Ger- 

many. 

(50)  Stahl  und  Eisen,  Duesseldorf,  Ger 

many. 

(51)  Deutsche    Bauzeitung,    Berlin,    Ger- 

many. 

(52)  Rigasche     Industrie- Zeitung,     Riga, 

Russia. 

(53)  Zeitschrift   des  oesterreichischen  In- 

genieur  und  Architekten   Vereines, 
Vienna,  Austria. 

(54)  Den   Tekniske  Forenings    Tidsskrift, 

Copenhagen,  Denmark. 

(55)  Ingeni6ren,  Copenhagen,  Denmark. 

(56)  Teknisk  Tidskrift.   Stockholm,    Swe- 

den. 

(57)  TekniskUgeblad.  Christiama,Norway. 

(58)  Proceedings.  Eng.  Soc.    W.  Pa.    410 

Penn  Ave.,  Pittsburg,  Pa.    50c. 

(59)  Transact i07is.    Mining     Institute    of 

Scotland,  London  and  Newcastle- 
upon-Tyne. 

(61)  Proceedings,  Western  Railway  Club. 

225  Dearborn  SI.,  Chicago,  111.,  25c. 

(62)  American   Manufacturer   and.   Iron 

World,  59  Ninth  St.,  Pittsburg,  Pa. 

(63)  Minutes  of  Proceedings,  Inst.  C.  E 

London,  England. 


Note. — There  are  no  references  made  in  this  month's  list  to  German  and  Swedish 
periodicals. 
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LIST  OF  ARTICLES. 
Bridge. 

Low-Level  Concrete  Bridge  over  the  IMary  River,  Maryborougli,  Queensland.*    Alfred 

Barton  Brady,  M.  Inst.  C.  E.     (63)  Pt.  III. 
Moving  Loads  on  Railway  Underbridges.*     William  Bean  Farr,  Assoc.  M.  Inst.  C.  E. 

(63)    Pt.  III. 
Hydraulic  Method  of  Sinking  Cast-Iron  Piles.*    (18)  Sept.  15. 
Pontoon  Swing  Bridges  over  the  River  Weaver  at  Northwich,  England.     John  Arthur 

Sauer.     (13)  Sept.  20. 
Reinforcing  the  Newburyport  Suspension  Bridge.*    (14)  Oct.  6. 
A  Seventy-One  Ton  Plate  Girder.     (14)  Oct.  6. 
Th6orie  G6n6rale  des  Poutres  Vierendeel.*    M.  A.  Vlerendeel.    (32)  August. 

ElectricaL 

Electric  Transmission  Plants  at  Moodie's,  De  Kaap  Goldflelds,  Transvaal.    Henry  James 

Shedlock  Heatiier,  Assoc.  M.  lust.  C.  E.     (63)  Pt.  III. 
On  the  Production  of  Asymmetrical  Alternating  Currents  by  means  of  Electrolytic 

Polarization.    Walter  Leo  Hildburgh.     (6)  July. 
How  Can  Central  Stations  Earn  Larger  Revenues?    Albert  B.   Her  rick.     (27)  Serial 

beginning  Sept.  1,  ending  Sept.  15. 
Electrical  Travelling  Cranes.    Claude  W.  Hill.     (26)  Sept?. 
The  Electricity  Supply  of  Glasgow.*    (12)  Sept.  14. 
New  Switches  for  Electric  Motors  in  Mines.*    (22)  Sept.  14. 
New  Automatic  Motor-Starting  Switches.*    (47)  Sept.  1.5. 
Central  Battery  Telephone  System.     (27)  Sept.  15. 
Teleplione  Trunk  Circuit.     (27)  Sept.  15. 
Regulation  in  Long  Distance  Power  Transmission    by  Electricity.    F.  A.  C.  Perrine. 

(24)  Sept.  IT. 
The  Ethics  of  Insulating  Materials.    J.  Wright.     (26)  Sept.  21. 
Wireless  Telephony.    Sir  William  Henry  Preece.     (26)  Sept.  21. 
Overhead  Construction  with  Special  Reference  to  Guard  Wire.    Sydney  Woodfleld.    (26) 

Sept.  21. 
The  Electric  Fountains  at  the  Paris  Exposition.*    (27)  Sept.  22. 
Storage  Battery— Its  Use  on  Small  Roads.     B.  B.  Van  Nostrand.     (17)  Sept.  22. 
Railway  Power  Transmission     J.  H.  Armstrong.     (17)  Sept.  32. 
Motor-Driven  Lathes.*    (26)  Sept.  28. 
Interior  Wiring.    G.  C.  Allingham.     (26)  Sept.  28. 

Storage  Batteries  in  Railway  Power  Stations.    Prof.  H.  H.  Norris.     (17)  Sept.  29. 
Systems  and  Apparatus  for  Light  and  Power  Distribution.    C.  P.  Stemmetz.    (27)  Serial 

beginning  Sept.  29,  ending  Oct.  6. 
Electric  Cables  for  High-Tension  Service:  How  They  Are  Made  and  Tested  in  the  United 

States.*    William  Maver,  Jr.     (10)  Oct. 
Electric  Plant  at  Windber,  Pa.*    A.  S.  M'AUister.     (45)  Oct. 

Some  Gearing  for  Electric  Motors.    Alfred  H.  Gibbings,  M.  Inst.  E.  E.     00)  Oct. 
Mistakes  in  the  Rating  of  Incandescent  Lamps.    Arthur  J.  Rowland.     (3)  Oct. 
Electric  Traveling  Cranes.    A  D.  Williams.     (62)  Oct.  4. 
Rotary  Transformi-r  Stations.    R.  E.  Dmfarth.     (17)  Oct.  6. 
Combination  Lighting  and  Traction  Plant,  Southport,  England.*    (27)  Oct.  6. 
The  Storage  Battery— Its  Use  in  Railway  Plants.    Thomas  Henning.     (17)    Oct.  6. 
Burning  Pulverized  Coal.     (18)  Oct.  6. 
The  Street  Railway  System  of  Kansas  City.*    (27)  Oct.  0. 
Notice  sur  les  Tramways  de  Limoges.*    M.  Delage.     (43)  Second  trimestre. 
Le  Chemin  de  Fer  Electrique  de  I'Exposition  de  1900.*    M.  A.  Cahen.    (38)  August. 
Les  Transports  filectriques  de  1' Exposition:  Chemin  de  Fer  filectrique  et  Plate-Forme 

Mobile.*    Alfred  Boudon.    (33)  Serial  beginning  Sept.  15,  ending  Sept.  23. 

Marine. 

Steamers  for  Winter  Navigation  and  Ice-Breaking.    Robert  Runeberg,  Assoc.  M.  Inst.  C  . 

E.     (63)  Pt.  II. 
The  Propelling  Machinery  of  a  Torpedo-Boat  Destroyer.    William  David  Seton  Brown, 

Stud.  Inst.  C.  E.     (6.1)  Pt.  III. 
Flooding  of  the  New  Dry  Dock  Excavation  at  the  Boston  Navy  Yard.*    Frank  O.  Maxson, 

M.  Am.  Soc.  C.  E.     (14)  Sept.  22. 
The  Damage  to  the  Oregon*    (46)  Sept.  39. 
The  French  Navy.*    (19)  Oct.  6. 

Mechanical. 

Corrosion  of  Marine  Boilers.    John  Dewrance,  M.  Inst.  C.  E.     (63)  Pt.  III. 

Mean  Effective  Temperatures  a  Unit  of  Comparison  for  Heat  Engines.    Charles  E. 

Lucke.     (6)  July. 
High  Power  Single-Cylinder  Engines  at  the  Paris  Exhibition.    E.  Kilburn  Scott.     (26) 

Sept.  7. 
Wigzell's  Double  Triple  Expansion  Engine.*    (11)  Sept.  7. 
Lathes  at  the  Paris  Exhibition,     (ii)  Sept.  14. 
The  Comparative  Cost  of  Generating  Power  by  the  Steam  Engine,  Water  Turbine,  and 

Gas  Engine.    John  B.  C.  Kershaw.     (11)  Serial  beginning  Sept.  14,  ending  Sept.  21. 

*  Illustrated. 
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Mechanical— (Continued). 

B"iler  Explosions  on  the  Thames,     (ii)  Sept.  14. 

Mechanical  Stoking.*    (lo)  Serial  beginning  Sept.  15,  ending  Sept.  29. 

Engine  Breakdowns.*    Michael  Longriclge.    (47)  Sept.  1.5 

Mammoth  Lathe  for  Turning  Granite  Columns.*    (20)  Sept.  20. 

A  Modern  Force  Pump:  SpeciflcaUons  of  a  Pump  with  a  Wide  Range  for  a  Blast 

Furnace.*    (62)  Sept.  20. 
On  Screw  Threads  Used  in  Cycle  Construction,  and  for  Screws  Subject  to  Vibration.    O. 

P.  Clements.     (12)  Sept.  21. 
A  600-H.  P.  Two-Stroke  Cycle  Gas  Engine  Using  Blast  Furnace  Gas.     (13)  Sept.  27. 
Report  of  Screw  Gauge  Committee  of  the  British  Association,  1900.     (29)  Sept.  28. 
Compressed  Air  Motors.    H.D.Cooke.     (17)  Sept.  29. 
Precision  in  Steam  Power  Making.    A.S.Mann.     (17)  Sept.  29. 
Regulating  Device  tor  Air  Compressing  Engines.*    (47 )  Sept.  29. 
Report  on  Screw  Gauges.     (47)  Sept.  29. 

The  Centralisation  of  the  Steam-Condensing  Plant.*    Harry  G.  V.  Oldham.     (9)  Oct. 
The  Thousand-Miles  Automobile  Trials.*    W.  Worby  Beaumont.     (9)  Oct. 
Recent  American  Steam-Engine  Pi-actiee.*    James  B.  Stanwood.     (10)  Oct. 
The  Paris  Exhibition:  Machine  Tools,  Cranes,  Boilers  and  Engines.*    Joseph  Horner. 

(10)  Oct. 
Suction  Air  Chambers  for  Pumps.*    F.  Meriam  Wheeler.    (10)  Oct. 
Water  Cooling  Towers.*    J.  A.  Reavell.     (10)  Oct. 
Care  of  Boilers.     ( 4,";)  Oct. 

Can  Boiler  Explosions  Be  Prevented?    W.  H.  Wakeman.     (41)  Oct. 
Gas  Engine  Design.*    E.J.Stoddard.     (41)  Oct. 
The  Westinghouse  Gas  Engines.*    (19)  Oct.  6. 
Machine  a  Vapeur  Verticale,  a  Triple  Expansion  et  a  Grande  Vitesse.*    (34)  Sept. 

Metallurgical. 

The  Protection  of  Blast  Furnace  Linings.    S.  S.  Hartranft.     (20)  Sept.  13. 

The  Problem  of  Machine  Molding.    E.  H.  Mumford.     (20)  Sept.  13. 

Suggestions  for  the  Improvement  of  Rolling  Mills     Louis  Katona.     (22)  Sept.  21. 

The  Present  Position  of  the  Solution  Theory  of  Carburised  Iron.    A.  Stansfleld.     (22) 

Sept.  28. 
The  Constitution  of  Slags  and  the  Part  They  Play  in  the  Metallurgy  of^Iron.    Baron 

Juptner  von  Jonstorff.     (22)  Sept.  28. 
The  Smelting  Corporation's  Works  at  EUesmere  Port,  England.*    L.  F.  Vogel.    (16) 

Sept.  29. 
Influence  of  Aluminium  on  the  Carbon  in  Cast  Iron.    Godfrey  Melland  and  Harry  W. 

VValdron.     (47)  Sept.  29. 
New  Bessemer  Mill.*    (62)    Oct.  4. 
The  Present  Condition  of  the  Metallurgy  of  Iron  in  Europe.    Emile  Demenge.     (16) 

Oct.  6. 
Steel  Castings.    (18)  Sept.  22. 
Les  Aciirs  MaulSs  a  TExposition  de  1999.*    A.Abraham.    (33)    Serial  beginning  Sept., 

15,  ending  Sept.  22. 

Military. 

Krupp's  Modified  Welin  Breech  Screw.*    C12)  Sept.  7. 
The  New  Army  16-in.  Gun.*    (46)  Sept.  29. 

Mining. 

Electric  Locomotives  in  Coal  Mining.     (11)  Sept.  7. 

Pit  Props  and  Their  Setting.     (22)  Sept.  7. 

Gold  Mining  in  Nova  Scotia.*    G.  W.  Stuart.     (16)  Sept.  15. 

Shaft  Sinking  on  Potassium  Salt  Deposits.    E.  Mackay-Heriot.     (16)  Sept.  22. 

The  Columbia  Mining  Company,  Georgia*    W.  H.  Fluker.     (16)  Sept.  23. 

On  a  New  Method  of  Sinking  Pits  by  Machinery.*    Richard  Sutcliffe.     (22)  Sept.  28. 

Colliery  Trams.    J.  Fox  Tallis.     (22)  Sept.  28. 

Coal  Mine  Maps.     L.  C.  Morganroth.     (16)  Sept.  29. 

The  Quartz  Lodes  of  the  Atlin  District,  B.  C*    R.  H.  Stretch.    (16)  Sept.  29. 

Experimental  Ore  Testing  Works.    Prof.  Ai-thur  lakes.     (45)  Oct. 

Iowa  Coal-Mining  Methods.*    J.  T.  Beard.     (45)  Oct. 

Limonite  Ores  of  Pennsylvania;  Their  Composition  and  Forms  and  an  Account  of  the 

Various  Places  Where  They  Are  Mined  in  the  State.*    T.  C.  Hopkins.     (45)  Oct. 
Pere  .Marquette  Mines:  A  Description  of  One  of  the  Largest  and  Best  Equipped  Coal 

Mines  in  the  State  of  Michigan.*    R.  A.  Randall.     (45)  Oct. 
Tunnel  Developments  at  Coeur  d'Alene.    W.C.Clark.     (45)  Oct. 
Mming  Methods  in  the  Connellsville  Coke  Region.*    F.  C.  Keighley.     (9)  Oct. 
Copper  Blining  in  Northern  Wisconsin.    Kirby  Thomas.     (45)  Oct. 
The  Haile  Gold  Mines:  Machinery  Used  for  Concentrating  the  Ores  and  for  Roasting  and 

Treating  them  by  the  Chlorination  Process.    Prof.  Arthur  Lakes.     (45)  Oct. 
Georgia  Gold  Mining  Developments.*    Wilber  Colvin.     (16)  Oct.  6. 

Municipal. 

Economics  of  Street  Paving.    S.  Whinery.    (14)  Serial  beginning  August  11,  ending 
August  18. 

*  Illustrated. 
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Municipal— (Continued).  , 

Preseni  Problems  in  Miiuioix)al  Engineering-*    Thomas  De  Courcy  Meade,  M.  Inst.  C.  E. 

(  14")  Serial  beKinnini;-  Sept.  1,  ending  Sept.  15. 
Motor.s  for  Street  WateriMir  and  Dust  Removal.     E.  Shrapnell  Smith.     (11)  Sept.  14. 
Construction  of  Gianite  liloi'k  Pavements.    Josiah  A.  Briggs.    (14)  Sept.  15. 
The  Construction  of  Standard  Medina  Block  Stone  Pavements.    E.   A.   Fisher.     (14) 

Sept.  15. 
Laying  a  34-in.  Gas  Main  across  the  Harlem  River.*    G.  H.  P.  M'Vey.     (46)  Sept.  15. 
Construction  and  Maintenance  of  Brick  Pavements.    E.  A.  Kemmler.     (14)  Sept.  23. 
Chemical  Fire  Engine.*    (12)  Sept.  28. 
The  Reduction  of    the  Cost  of  Distribution  (of  Gas)  by  the  Use  of  High  Pressures. 

Frederick  H.  Shelton.     (24)  Oct  1. 

Railroad. 

Selangor  Government  Railway.  Guilherme  Henrique  Fox,  Assoc.  M.  Inst.  C.  E.  (63) 
Ft.  II. 

Maintenance  of  Railway  Tunnels  *    Arthur  Watson,  M.  Inst.  C.  E.     (63)  Pt.  II. 

The  Construction  of  the  Simplon  Tunnel.*  Charles  Beresford  Fox,  Stud.  Inst.  C.  E. 
(63)  Pt.  IL 

Failures  in  the  Draw  and  Buffing-Gear  of  Railway  Wagons.*  George  Tertius  Glover. 
(63)  Pt.  III. 

The  Pressed  Steel  Car,  with  Some  Experiences  in  Erecting  them  in  Egypt.*  Sumner  B. 
Ely.     (58)  June. 

Machinery  for  the  Garesfleld  and  Derwenthaugh  Incline  Railway.*  (ii)  Serial  begin- 
ning July  13,  ending  July  37. 

Loss  of  Strength  During  Service  of  Steel  Rails.     (21)  Sept. 

A  Remarkable  Roundhouse— Chicago  &  Northwestern  Railway.*    (39)  Sept. 

The  City  and  South  London  Railway.*    (26)  Sept.  ~. 

Automatic  Block  Signal  Failures  due  to  Lightning.    H.  D.  Miles.     (18)  Sept.  8. 

Pneumatic  Signalling  Plant  at  the  Paris  Exhibition.'*    (11)  Sept.  14. 

Ditching  Machine  ou  the  Chicago  Great  Western.*    (18)  Sept.  15. 

Derailments.    J.  H.  VVallace.     u8)  Sept.  15. 

New  Interlocking  Electric  Switch  and  Signal  System.*    J.  R.  Cravath.     (27)  Sept.  15. 

Railway  Transition  Curves.    F.  K.  Vial.     (13)  Sept.  20. 

The  "Gibraltar  "  Bumping  Post.*    (40)  Sept.  21. 

Malleable  Iron  for  Tramcar  Details.    (26)  S?pt.  21. 

Arch  Construction  for  Railroads.*    J.  W.  Rollms,  Jr.     (18)  Sept.  33. 

The  "  Solid  "  Coupler.*    (15)  Sept.  38. 

The  Taylor  Electric  Switch  and  Signal  Apparatus.*    (is)  Sept.  28. 

The  Effect  of  Temparatu.-e  on  the  Friction  of  Brake  Shoes.*    ( 15)  Sept.  38. 

Measurement  of  the  Tractive  Force,  Resistance  and  Acceleration  of  Trains.*  A.  Mallock 
(12)  Sept.  38. 

Recent  Tramway  Construction;  with  Special  Reference  to  the  Demerbe  System.  Will- 
iam Dawson.     (2ft)  Sept.  28 

Rochester  &  Sodu5  Bay  Riilway  Company.    T.  J.  Nicholl.     (17)  Sept.  29. 

"  Northwestern  Type  "  Passenger  Locomotive,  Chicago  &  Northwestern  Railway.*  (25 ) 
Oct. 

Locomotive  Design.    F.  J.  Cole.     (25)  Oct. 

Hot  Journals.*    (25)  Oct. 

A  Locomotive  with  "  Helping  Cylinders  "  at  the  Paris  Exposition.*    (13)    Oct.  4. 

An  Automatic  Coupler  for  English  Freight  Cars.*    (13)  Oct.  4. 

New  Shops  of  ths  Hannibal  &  St.  Joseph  Railroad.*    (15)  Oct.  5. 

Building  the  Pressed  Steel  Car.     (15)  Oct.  5. 

The  Stresses  in  Arch  Bar  Frames  (for  Diamond  Frame  Trucks).*  George  I.  King.  (15) 
Oct.  5. 

Note  sur  les  Nouvelles  Machines  Compound  k  Grand  Vitesse,  de  la  Compagnie  du  Nord.* 
M.  Du  Bosquet.     (38)  August. 

Sanitary. 

Tropical  Sanitation,  with  Special  Reference  to  Hong  Kong.    Robert  Gervase  Alford,  M. 

Inst.  C.  E.     (63)  Pt.  III. 
The  Vacuum  System  of  Low- Pressure  Steam-Heating.    Edward  George  Rivers,  Assoc.  M. 

Inst.  C.  E.    (63)  Pt.  II. 
The  Treatment  of  Leeds  Sewage.    (12)  Sept.  7. 

Municipal  Sewerage  Systems  and  Assessments.    Geo.  T.  Bouton.     (14)  Sept.  32. 
Bradford's  Refuse  Destructors.     (62)  Sept.  37. 
The  Sewerage  Works  at  Flemington,  N.  J.*    (14)  Sept.  39. 
The  Concord  Sewage  Pumping  and  Electric  Siation.*    (14)  Oct.  6. 
Plumbing  in  a  Detached  Manufacturing  Plant.*    (14)  Oct.  6. 
Assainisseraent  de  Mexico.*    (36)  Sept.  10. 

Structural. 

The  Whitehall  Portland  Cement  Works.*    (14)  Sept.  15. 
The  Testing  of  Portland  Cement.*    W.  C.  Popplewell.     (47)  Sept.  15. 
American  Standard  Specifications  and  Methods  of  Testing  Iron  and  Steel.    Albert  Ladd 
Colby.    (22)  Sept.  21. 

*  Illustrated. 
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Structural— (Continued). 

Foundations  of  the  Alliance  Building:.*    (14)  Sept.  23. 

Corrosion  of  Wroug-ht  Iron  and  Steel.    Henrv  M.  Howe.     (47)  Sept.  23. 

The  Creo-Resinate  Wood-Preserving:  Plant.*    (14)  Sept.  32. 

A  Novel  French  Method  of  Making  Foundations  in  Soft  Ground.     (13)  Sept.  37. 

The  New  York  Clearins:  House  Dome.*    (14)  Sept.  29. 

Concrete  and  Expanded  Metal  Floor  Tests.    A.  T.  Walmisley.    (n)  Oct.  6. 

Constructions  en  B6ton  Arm6:  Principales  Applications  et  A. vantages  Caract6ristiques.* 

M.  G.  Flament.     (32)    August. 
Deformations  et  Conditions  de  la  Rupture  dans  les  Corps  Solides.*    M.  Harel  de  la  N06. 

(43)  Second  trimestre. 

Water  Supply. 

The  Construction  of  the  Elan  Aqueduct:  Rhayader  to  Dolau.*     Herbert  Lapworth, 

Stud.  Inst.  C  E.     (63)  Pt.  IL 
Turbines.*    Arthur  Henry  Tyack,  Stud.  Inst.  C.  E.    (63)  Pt.  III. 
The  Water  Power  at  Holyoke,  Mass.*    Horatio  A.  Foster.     { 1 )  August. 
The  Wachusett  Dam.*    (14)  Serial  beginning  Sept.  8,  ending  Sept.  15. 
The  Wachusett  Dam  for  the  Metropolitan  Water  Supply,   Boston,  Mass.*    Alfred  D. 

Flinn.  Assoc.  M.  Am.  Soc.  C.  E.     (13)  Sept.  13. 
Water  Supply,  with  a  Dgscription  of  the  Bradford  Water- Works.    James  Watson,  M. 

Inst.  C.  E.    (Ill  Sept.  14. 
Water  Waste  and  Use  in  Washington.    Capt.  D.  D.  Gaillard.     (14)  Sept.  22. 
Repairing  a  Submerged  Water  Main.     (14)  Sept.  22. 
Screens  aud  Screen  Lifters;  Metropolitan  VVat°r- Works,  Boston  and  Vicinity.*    Chas.  W. 

Sherman,  Assoc.  M.  Am.  Soc.  C.  E.     (13)  Sept.  27. 
Experiments  on  the  Flow  of  Water  Over  Dams.*    (13)  Sept.  37. 
Asphalt  and  Brick  Reservoir  Linings.*    (14)  Oct.  6. 
The  New  Pumping  Station  and  Water  Tower  in  Vienna.*    (14)  Oct.  6. 
Les  Forces  Hydrauliques  des  Alpes  en  France,  en  Italie  et  en  Suisse.    Ren6  Tavernier. 

(43)  Second  trimestre 
R6servoir  de  3  000  Metres  Cubes  de  Capacity  en  Ciment  Arm6  de  Metal  D6plov6.*    (36) 

Sept.  10. 

Waterways. 

A  Short  History  of  the  Engineering  Works  of  the  Suez  Canal.*    Sir  Charles  Hartley,  M. 

Inst.  C.  E.     C63I  Pt.  III. 
High-Water  Protection  Methods  on  Lower  Mississippi  River.    William  Joseph  Hardee, 

M.  Am.  Soc.  C.  E.    Ml    August. 
Hydraulic  Hopper  Dredges  for  the  East  Channel,  New  York  Harbor.*    (14)  Sept.  32. 
Test  Borings  for  the  Isthmian  Canal  Commission.     (14)  Sept.  29. 
Rules  for  Heavy  Concrete  Work.     (14)  Sept.  29. 
The  Projected  Improvement  of  the  Southwest  Pass.*    William  Starling,  M.  Am.  Soc.  C. 

E.     (13)  Oct.  4. 
The  Sea-Goina:  Hydraulic  Dredge  Benyavrd.    (i4>  Oct.  6. 
Note  sur  le  Nouveau  SystSme  de  F'ermeture  des  ficluses  k  Grande  Chute  du  Canal  de 

Roanne  a  Digoin.    M.  .Mazoyer.    (43)  Second  trimestre. 
Les  Dragues.*    M.  R.  Masse.    (37)  August. 
Drague  Marine  h  Godets,  &  Succion  et  k  Refoulement.*    (33)  Sept.  15. 

*  Illustrated. 
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NEW     BOOKS    OF    THE    MONTH. 

Unless  otherwise  specified,  books  in  this  list  have  been  donated  to  the  Library 
by  the  Publisher. 


SOUVENIR,  VICTORIA  JUBILEE  BRIDGE. 

Opeael  for  Traffic  December  Thirteenth,  Anno  Domini  Mdcccxcviii. 
Metal  covers,  8x6  ins.,  unpaged,  illus.  Montreal,  1900.  (Donated 
by  the  Grand  Trunk  Railway  System.) 

This  is  an  account  of  the  construction  of  the  Victoria  Jubilee  Bridge  and  of  the 
Victoria  Tubular  Bridge  which  It  replaced. 

STREET  PAVEMENTS  AND  PAVING  MATERIALS. 

A  Manual  of  City  Pavements:  The  Methods  and  Materials  of  Con- 
struction. For  the  Use  of  Stiidents,  Engineers  and  Citv  Officials.  By 
Geo.  W.  Tillson,  M.  Am.  Soc.  C.  E.  Cloth,  9x6  ins., '532  pp.,  illus. 
New  York,  John  Wiley  &  Sons,  1900.     $4.00. 

The  author's  main  idea  in  preparing  this  work  has  been  to  have  it  practical,  so  that 
an  enginesr  unacq iiainted  with  tlie  subject  could  obtain  sufficient  information  to  pre- 
pare sjejificitioiis  f  jr,  aui  intslli^jntlysuparvise  th3  c  instruction  of,  pavements.  The 
Contents  are:  Tne  History  and  Det-elopinsnt  of  Pavements;  Stone;  Asphalt;  Brick-Clays 
and  the  Mmufasture  of  Pavin j-Brick;  Cameut,  C'ment-Mortar  and  Concrete;  The 
Theory  of  Pavements;  Cibble  an  1  Stone-Block  Pavements;  Asphalt  Pavements;  Brick 
Pavements;  Wood  Pavements;  Broken-Stone  Pavement-:;  Plans  and  Specifloations;  The 
Construction  of  Sireet-Car  Tracks  in  Pavel  Streets;  Width  of  Streets  and  Roadvsrays, 
Curbs,  Sidewalks,  etc.;  Asphalt  Plants.    There  is  an  index  of  thirty-six  pages. 

THE  LAW  OF  OPERATIONS  PRELIMINARY  TO   CONSTRUCTION   IN  ENGINEER= 
ING  AND  ARCHITECTURE. 

Rights  in  Real  Property.  Boundaries,  Easements,  and  Franchises. 
For  Engineers,  Architects,  Contractors,  Builders,  Public  Officers,  and 
Attorneys  at  Law.  By  John  Cassan  Wait,  M.  Am.  Soc.  C.  E.  Sheep, 
9x6  ins.,  638  pp.     New  York,  John  Wiley  &  Sons,  1900.     $5.50. 

The  author  states  in  the  preface  that  this  work  treats  of  the  law  attending  those 
operations  which  precede  construction.  Such  operations  are  those  required  for  the  de- 
termination of  data  and  infomiation  which  should  be  obtained  before  a  project  is  under- 
taken. The  Contents  are:  Part  I,  Property.  Estates  in,  and  Title  to.  Real  Property. 
Part  II,  Rights  and  Privileges  incident  to  Ownership  of  Real  Property.  Protection  of, 
and  Interference  with.  Rights  in  Fluids.  The  Supply  and  Use  of  Water,  Oil,  Gas  and 
Electricity.  Rights  in  Navigable  Waters.  Interference  with  Property  Rights  by  Sur- 
veyors. Trespass.  Part  III,  Determination  of  the  Boundaries  of  Land.  Surveys  and 
Surveying.  Part  IV,  li)asements.  Incorporeal  Rights.  Part  V,  Franchises.  There  is  an 
index  of  fifty  pages. 

THE:THE0RY  AND  PRACTICE  OF  SURVEYING. 

Designed  for  the  Use  of  Surveyors  and  Engineers  Generally.  But 
Especially  for  the  Use  of  Students  in  Engineering.  By  J.  B.  Johnson, 
M.  Am.  Soc.  C.  E.  Fifteenth  Edition.  Cloth,  8x5  ins.,  maps,  illus. 
New  York,  John  Wiley  &  Sons,  1900.     $4.00. 

The  headings  of  chapters  are:  Instruments  for  Measuring  Distances;  Instruments 
for  Determining  Directions:  Instruments  for  Determining  Horizontal  Lines;  Instruments 
for  Measuring  Angles;  The  Plane  Table;  Additional  Instruments  Used  in  Surveying  and 
Plotting;  Land-Surveying;  Topo?raphical  Surveying  by  the  Transit  and  Stadia;  Railroad 
Topographical  Surveying;  Hydrographic  Surveying;  Mining  Surveying;  City  Surveying; 
The  Measurement  of  Volumes;  Gsodetie  Surveying;  Projection  of  Maps,  Map-Lettering 
and  Topographical  Symbols.    There  is  an  index  of  twenty  pages. 
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DONATIONS  TO  THE  LIBRARY. 

Fkom  Sept.  1st,  1900,  to  Oct.  10th,  1900. 


Bardol,  F.  V.  E.    1  vol. 

Belzner,  T.    3  pam. 

Bissell,  H.    1  pam. 

Boston  Pub.  Lib.    1  vol. 

Crandall,  C.  L.    3  vol. 

Foye.  Andrew  E.    1vol. 

France— Commission  des  Annales  des  Fonts 

et  Chauss6es.    1  vol. 
Inst,  of  Civ.  Engrs.     1  bound  vol. 
Iron  and  Steel  Iu.st.    1  pam. 
Koninklijk  Inst,  van  Ingenieurs.    1  vol. 
McKim,  Alex.  Rice.    1  pam. 
Madias  Pub.  Works  Dept.    2  bound  vol. 
Manchester  Steam  Users'  Assoc.    1  pam. 
Master  Car  Builders'  Assoc.    1  bound  vol. 
New  South  Wales  Ry.  Commrs.    1  bound 

vol.,  1  pam. 


N.  Y.  Central  &  Hudson  River  R.  R.  Co.    1 

pam. 
Poetsch,  C.  J.    1  vol. 
Poor,  H.  V.  &  H.  W.    1  bound  vol. 
Portugal— Ministerio  das  Obras  PubUcas. 

2  pam. 
Royal  Soc.  of  New  South  Wales.    1  vol. 
Talbot,  A.  N.    1  pam. 
Tokyo  Imperial  Univ.    1  vol. 
U.  S.  Comm  ,  Paris  Exposition,  1900.    3  vol. 
U.  S.  Geological  Surv.    2  vol.,  10  atlases. 
U.  S.  War  Dept.    13  specif. 
Verein  fiir  die  Forderung  des  Local  und 

Strasspnbahnwesens.    1  pam. 
VeriKin-Harcourt,  L.  F.    4  pam. 
Wiley,  Jolm  &  Sons.    3  bound  vol. 
Unknown  Donor.    1  atlas. 
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ADDITIONS. 


MEMBEBS. 


_  ^  „  Date  of 

Aeentz,  Frederick  Christian  Holbebg,  Membership. 

Chf.  Eng.,   The   Lafayette   Bridge   Co.,    1214  J  Assoc.  M.     May    6,  1891 

Columbia  St.,  Lafayette,  Ind 1  M.  Oct.     3,  190(> 

Beach,  Robert  James, 

Firm  of  Ford  &  Beach,  191  Montague  St.,  Brooklyn,  N.  Y.     May     2,  1900 

Burns,  Robert  Bruce, 

Chf.  Eng.  Santa  Fe,  Pacific  R.  R.  &  Southern  California 

Ry.  Co.  (Res.,  2642  Vermont  Ave.,  Los  Angeles,  Cal.). .     Sept.   5,  1900^ 

Fritch,  Louis  Charlton, 

Supt.  Mississippi  Div.,  B.  &  0.  S.  W.  Ry.,  Washington, 

Ind Oct.     3,  1900- 

Leland,  Warren  Allston, 

Asst.  Eng.  U.  S.  Eng.  Corps,  1408  Pickens  St.,  Columbia, 

S.  C Oct.     3,  1900- 

RicKON,  Frederic  John  Henry, 

Civ.  Eng.  Quartermaster's   Dept.   U.  S.  A.  Headquarters 

Dept.  of  California,  San  Francisco,  Cal Jan.      4,   1888 

Weber,  Alexander  Hamilton, 

Asst.  Eng.  Div.  of  Cuba,  Havana,  Cuba Oct.     3,  1900- 

associate  members. 

Bailey,  William  Melvin, 

Eng.    for  Eastern   Expanded   Metal    Co.,  Boston,   Mass. 

(Res.,  15  Mt.  Vernon  St.,  Maiden,  Mass.) Sept.    5,1900- 

Basingee,  James  Garnett, 

Asst.  Eng.,  Dept.  of  Docks  (Res.,  215  W.  129th  St.,  New 

York  City) Oct.      3,  1900- 

Betts,  Romeo  Thompson, 

Asst.  Eng.,  Dept.   Docks  and  Ferries,  foot  of  East  39th 

St.,  New  York  City Oct.      3,  1900 

Chase,  Richard  Davenport,  r 

With  Allen  Hazen,  Cons.  Eng.,  New  York  City,  J  Jun.  Oct.      5,1897 

(Res.,  15  Monroe  Place,  Brooklyn,  N.  Y.). . .  I  Assoc.  M.     Oct.      3,  1900 
Childs,  Oliver  W.  , 

Eng.  Stupp  Bros.  Bridge  and  Iron  Co.,  2301  So.  7th  St., 

St.  Louis,  Mo Sept,   5,  1900' 

COVERDALE,  WiLLIAM    HuGH,  ^  j^^^_  j^^  2^    jgg^ 

Care  of  J.  G.  White  &  Co.,  29  Broadway,  New  j  ^^^^^^  ^      ^^^       3    ^^^^ 

York  City   ( 

GiLKEY,  Thomas  Alvin, 

228  Broadway,  Pueblo,  Colo Oct.     3,   19C0> 
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Gillespie,  Richard  Henwood,  Date  of 

Asst.  Eng.,  Dept.  of  Highways  and  Street  Improvements,      Membership. 
Bronx  Borough  (Res.,  726  East  179th  St.),  New  York 

City Oct.      3,  1900 

Geandy,  Albion  Lobenzo, 

Supervisor  Erie  R.  R,,  303  Spicer  St„  Akron,  Ohio April    4,  1900 

Haas,  Edwaed  Feancis,  J  Jun.  Feb.      6,  1894 

320  Sansome  St.,  San  Francisco,  Cal I  Assoc.  M.     Sept.    5,  1900 

Hammatt,  William  Gushing, 

Care  of  Minas    Tecolates  y  Anexas,  Santa  Barbara,  Chi- 
huahua, Mexico Sept.   5,  1900 

•Johnson,  Alexandee, 

Asst.  Eng.,  New  East  River  Bridge,  foot  of  Delancey  St., 

New  York  City Sept.    5,  .1900 

Latta,  Haeeison  Wainweight, 

Latta    and  Terry,  Engrs.  &  Contrs.,   1001  Chestnut   St., 

Philadelphia,  Pa Sept.    5,   190O 

Lewerenz,  Alfred  Couetney, 

Civ.  Eng.,  U.  S.  N.,  U.  S.  Naval  Station,  New  J  Jun.  Feb.     5,  1895 

London,  Conn i  Assoc.  M.     June    6,  1900 

Luster,  William  Heney,  Jr., 

City  Surveyor  of  Elizabeth,  City  Hall,  Elizabeth,  N.  J..     Oct.      3,  1900 
MoissEiFF,  Leon  Solomon. 

Bridge  Eng.,  Dept.  of  Bridges,  38  Park  Row,  J  Jun. 

New  York  City ...  i  Assoc.  M. 

Olney,  Robert  Blum, 

Supt.   of  Sewers,    Sewerage    Dept.,    139    St.  j  Jun. 

Philip  St.,  Charleston,  S.  C 1  Assoc.  M. 

Phaee,  Harry  Nelson, 

Chf.  Eng.,  St.  Francis   Levee    District   of   Arkan.sas,     49 

Southern  Express  Building,  Memphis,  Tenn Oct.      3,  1900 

Prince,  Arthur  Dickson, 

Asst.  Eng.,  Dept.   of  Highways,   Bronx  Bor-  \  Jun.  May     5,  I899 

ough  (Res.,  274  W.  94th  St.),  New  York  City.  I  Assoc.  M.     Oct.      3,1900 
Roy,  Robert  Maitland, 

Asst.  Eng.  Hamilton  Bridge  Works  Co.,  63   George  St., 

Hamilton,   Canada Oct.      3,  1900 

associate. 
Brown,  Thane  Ross, 

With    Wisconsin  Bridge  &  Iron  Co.,  North  Mil- i  Jun.        Mai-.  31,  1896 

waukee.  Wis |  Assoc.     Oct.     2,  1900 

Thorn,  Alfred  William 

Gen.  Man.  Thorn  Cement  Co.,  Buffalo,  N.  Y Oct.      2,  1900 


Baker,  Shirley, 

Asst.   Res.  Eng.,  M.  of  W.  Southern  Pacific  Co.,  Sacra- 
mento, Cal Sept.  11,   1900 


Dec.  3, 

1895 

Sept.  5, 

1900 

Jan.  3, 

1895 

Sept.  5, 

1900 
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Date  of 
Bradshaw,  Sam  Wigfall,  Membership. 

With  Pennn.  Steel  Co.,  Steelton,  Pa Oct.      2,1900 

Goodrich,  Ernest  Payson, 

Civ.  Eng.,  U.  S.  N.,  Navy  Yard,  Brooklyn,  N.  Y April    3,   1900 

Harrington,  Francis  Burchard, 

Asst.   Supt.  of  Signals,  Mohawk  Div.  N.  Y.  C.  &  H.  R.  R. 

R.  Co.,  93  Ten  Broeck  St.,  Albany,  N.  Y Sept.  11,  1900 

CHANGES  OF  ADDRESS. 

MEMBERS. 

AucHiNCLOss,  William  S 1208  Perkiomen  Ave.,  Reading,  Pa. 

Bacon,  James  Hayward U.  S.  Asst.  Eng.,  Fernandiiia,  Fla. 

BoEHMER,  Max 42  Jacobson  Bldg.,  Denver,  Colo. 

Calkins,  Frank  Augustus Edgewater,  Jefferson  Co.,  Colo. 

Craven,  Alfred   53  Highland  Ave.,  Youkers,  N.  Y. 

DiLLMAN,  George  Lincoln  917  Grand  St.,  Alenieda,  Cal. 

Greene,  Edward  Appleton Cons.  Eng.,  40  Wall  St.,  New  York  City. 

Harroun,  Philip  Embury Albuquerque,  N.  Mexico. 

Hitchcock,    Frederick    Collamore . . Care  of  Geo.  S.  Good  &  Co.,  Box  85, 

Grafton,  W.  Va. 

Hobby,  Arthur  Stanley Ontario,  Cal. 

Jarvis,  Charles  Maples Vice-Pres.    American    Bridge    Co.,    100 

Broadway,  New  York  City. 

LiEB,  John  William,  Jr 8fi9  West  End  Ave.,  New  Yoik  City. 

Lockwood,  Judd  Allen .  1969  Seventh  Ave.,  New  York  City. 

Marstrand,  Otto  Julius Man.  London  Office  Atlas  Co.,  Ltd.,  38 

Leadenhall  St.,  London,  E.  C,  Eng- 
land. 

NoRTHRUP,  Herbert  Franklin Marquette,  Mich. 

Norton,  John  Talcott Care   of  Cuba   Co.,  Santiago   de   Cuba, 

Cuba. 

Raymond,  Charles  Ward Care  of  Crystal   Lake  G.  M.  Co.,  Cisco, 

Cal. 

Ripley,  Henry  Clay Care   of  Isthmian   Canal   Comm.,    Cor- 
coran Bldg.,  Washington,  D.  C. 

Savage,  Albert  Chapman 45  Broadway,  Room  83,  New  York  City. 

Schneider,  Charles  Conrad  .....  .    .Vice-Pres.    in    charge   of   Engineering 

American  Bridge  Co.,  100  Broadway, 
New  York  City. 

Stuart,  Alfred  Allen Quebec,  Canada. 

Sweet,  Elnathan  51  State  St.,  Albany,  N.  Y. 

Walker,  Elton  David  Penna.  State  College,  State  College,  Pa. 

Yates,  Preston  King 532  East  Prospect  St.,  Clevehind,  O. 

Yeatman,  Pope Gen.  Man.,  Randfontein  Estates  &  Gold 

Mining  Co.,  Ltd.,  care  of  John  Hays 
Hammond,  Esq.,  43  Threadneedle 
St.,  London,  E.  C,  England. 
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Bush,  Edwakd  Wallace Care  of  Berlin   Iron  Bridge  Co.,   Three 

Rivers,  P.  Q.,  Canada. 

Coleman,  Hknrt  Fitch 404  Seventh  St.,  Logansport,  Ind. 

Hell,  Edwin  Allston Asst.  Examiner  Classification  Div.,  U.  S. 

Patent  Office,  Washington,  D.  C. 
HoYT,  John  T.  Noye N.    Y.   State   Canal   Survey,    De   Graaf 

Bldg..  Albany,  N.  Y. 
Ives,  Arthur  Stanley Care  of  R.  D.  Wood  &  Co.,  400  Chestnut 

St.,  Philadelphia,  Pa. 

KiNSEY,  Frank  Wilmarth 90  Park  St.,  Portland,  Me. 

Phillips,  Howard  Crathorne  Res.  Eng.,  A.  T.  &S.  F.  Ry.,  Ottawa,  Kan. 

Stratton,  George  Draper 930  Filbert  St.,  Oakland,  Cal. 

Spencer,  John  Clark With  American  Bridge  Co.,  7  West  22d 

St.,  New  York  City. 
Wadsworth,  Joel  Edward Middletown,  Conn. 

associate. 

Milne,  Peter 719  Bennett  Bldg.,  Nassau  &  Fulton  Sts., 

New  York  City. 

JUNIORS. 

Bartram,  George  Corrie Boston    Bridge    Works,    70   Kilby    St., 

Boston,  Mass. 
Belznee,  Theodore U.    S.    Inspector  Lock   No.    4,  Warrior 

River,    May's  Station,  Greenwood  P. 

O.,  Ala. 
Claekson,  Robert  Cooke   710  Stephen  Girard  Bldg.,  Philadelphia, 

Pa. 
Crabb,  Thomas Chf.  Eng.,  Blue  Ridge  Mining  Co.,  Car- 

tersville,  Ga. 
CuMMiNGS,  Noah 78  White  Plains  Ave.,    Williamsbridge, 

N.  Y. 
Granbery,  Julien  Hastings   Eng.  (in  chge.  Construction),  Arlington 

Copper  Co.,  Arlington,  N.  J. 
Haight,  Horace  Db  Remee Eng.  Sun  Portland  Cement  Co.,  P.O.  Box 

652,  Owen  Sound,  Ontario,  Canada. 
Haeeis,  Harry  Alexander Care   of  U.    S.    Eng.   Corps,  Huma9ao, 

Porto  Rico. 
How,  Richard  Willis Care   of  C.  O.  Vandevanter,  Clarksburg, 

W.  Va. 
Stoudee,  John  Burton 2505   Cottage   Grove  Ave.,  Des  Moines, 

la. 

RESIGNATION. 

MEMBER.  „   ^.^*®  °? 

Resiguation. 
Gordon,  Robert  Oct.  2,   1 900 


Vol.  XXVI.  OCTOBER,    1900.  No.  8. 


AMERICAN  SOCIETY  OF  CIVIL  ENGIKEERS. 

INSTITUTED     1852. 


PAPERS  AND  DISCUSSIONS. 

Note.— This  Society  is  not  responsible,  as  a  body,  for  the  facts  and  opinions  advanced  in 
any  of  its  publications. 


CONTENTS. 

Papers  to  be  presented:  page. 

Canals  Between  the  Great  Lakes  and  New  York. 

By  Joseph  Mayeb,  M.  Am.  Soc.  C.  E 972 

The   Economic  Dimensions  for  a  Waterway  from  the  Great  Lakes  to  the 
Atlantic. 

By  George  Y.  Wisner,  M.  Am.  Soc.  C.  E 989 

Discussions  on  Topics  presented  at  the  Convention  : 

Height  of  Buildings. 

By  Messrs.  W.  E.  Riley,  Oscar  J.  Kirby,  H.  de  B.  Parsons.  R.  J.  Gif- 

FORD  Read,  J.  F.  Wallace,  Maurice  M.  Sloan 1005 

Filtration  of  Water  for  Public  Use. 

By  Messrs.  Nicholas  Simin  and  Andrew  Johnston 1022 

Discussions  on  Papers  wliich  have  been  presented  : 

The  Niuetj'-sixth  Street  Power  Station  of  the  Metropolitan  Street  Railway 
Company,  of  New  York  City. 

By  Messrs.  F.  L.  Averill,  Albert  Carr,  W.  A.  Low,  Werner  Boecklin, 

Jr.,  and  J.  D.  Kent 1031 

A  Proposed  Method  for  the  Preservation  of  Timber. 

By  Messrs.  W.  W.  Curtis  and  R.  Montfobt 1036- 


Vol.  XXVI.  OCTOBER,  1900.  No.  8. 


AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS. 

INSTITUTED     1853. 


PAPERS  AND  DISCUSSIONS. 

Note.— This  Society  is  not  responsible,  as  a  body,  for  the  facts  and  opinions  advanced 
in  any  of  its  publications. 


CANALS  BETWEEN  THE  LAKES  AND  NEW  YORK. 


By  Joseph  Mayek.  M.  Am.  Soc.  C.  E. 
To  BE  Presented  November  7th,  1900.* 


The  reports  of  the  New  York  Canal  Commission  on  a  barge  canal 
"between  Buffalo  and  Albany,  and  of  the  United  States  Commission  on 
ship  canals  21  ft.  deep  and  30  ft.  deep  between  Buffalo  and  New  York, 
giving  estimates  of  cost  and  other  information,  enable  us,  by  gauging 
the  probable  benefits  to  be  derived  from  them,  to  judge  the  merits  of 
each  of  these  enterprises. 

There  are  advocates  who  sincerely  believe  that  railroad  transpor- 
tation is  cheaper  than  transportation  in  narrow  waterways.  Their 
opinion  is  based  on  the  undoubted  fact  of  the  abandonment  of  many 
canals,  and  on  State  subventions  received  by  others  which  are  not 
abandoned  but  are  doing  an  increasing  business. 

The  notion  that  the  free  play  of  economic  forces  would  induce 
private  enterjarise  to  build  canals,  as  railroads  are  built,  if  they  would 
really  furnish  a  cheap  means  of  transportation,  has  still  great  influ- 
ence on  many  minds,  and  creates  at  least  a  prejudice  which  must  be 

Note. — These  papers  are  issued  before  the  date  set  for  pre.sentatinn  and  discussion. 
Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting,  and  may  be 
sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will  be  published  "in  a 
subsequent  number  of  Proceedings,  and,  when  finally  closed,  the  papers  with  discussion 
in  full  wiU  be  published  in  Transactions. 

*The  discussion  on  this  paper,  in  connection  with  that  of  Mr.  Wisner  (see  page  989), 
will  be  taken  up  November  7th,  1900,  and  continued  at  the  meeting  of  November  21st, 
1900. 
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overcome  before  they  are  williug  to  vote  in  favor  of  taxes  for  their 
construction. 

There  are  also  various  enthusiasts,  anti-monopolists,  and  other 
enemies  of  railroads,  who  are  in  favor  of  anything  that  they  believe 
will  destroy  the  monopoly  of  the  latter,  regardless  of  any  careful 
weighing  of  costs  and  advantages  to  be  gained. 

One  erroneous  argument,  often  used  by  advocates  of  water  trans- 
portation, consists  in  a  direct  comparison  of  average  freight  ra,tes  on 
the  Lakes  and  ocean  with  the  average  freight  rates  of  railroads.  The 
average  freight  rate  on  the  railroads  of  the  United  States  was  in  1899 
0.72J:  cent  per  ton-mile,  while  the  average  freight  rate  on  the  Lakes  and 
Atlantic  was  until  recently  about  one-tenth  as  much.  This  comparison, 
however,  is  misleading,  since  a  very  much  larger  percentage  of  the 
lake  freight  consists  of  crude  materials  than  is  the  case  with  railroad 
freight.  On  the  Lakes,  ore,  grain,  coal  and  lumber  form  the  bulk  of 
the  freight,  and  it  would  be  more  correct  to  compare  the  average 
freight  rate  on  the  Lakes  with  the  average  freight  rate  on  railroads  for 
these  articles  only. 

The  average  haul  on  the  Lakes  and  Atlantic  is  very  much  more 
than  on  railroads;  this  is  another  reason  why  ton-mile  rates  are  lower 
by  water  than  by  rail,  since  the  average  rail  rates  include  exjjensive 
short-haul  freights  as  well  as  through  freights.  If  allowance  is  made 
for  these  differences  it  is  found  that  the  freight  rate  per  ton-mile  on 
the  Lakes  and  Atlantic  is  about  I  and  not  xo  of  the  ton-mile  rate 
charged  by  railroads  for  similar  freight  transported  over  similar 
distances,  with  favorable  grades,  which  latter  are  always  obtainable 
along  water  routes. 

To  obtain  the  average  rates  for  water  transportation  it  is  necessary 
to  take  a  number  of  years  into  consideration,  since  the  variations  from 
year  to  year  are  much  larger  than  on  railroads.  Recently  all  freight 
rates  by  water  were  excessively  high,  from  transient  causes,  but  it  is 
certain  that  they  will  shortly  recede  to  the  level  of  the  last  few  years, 
and  probably  lower,  in  consequence  of  the  larger  and  more  economical 
steamers  which  are  now  being  built.  This  ratio  of  charges  of  5  to  1, 
however,  does  not  quite  represent  the  ratio  of  cost,  since  the  railroad 
charges  include  interest  and  profit  on  capital  invested  in  line  and 
terminals  and  the  cost  of  their  maintenance,  while  the  terminal 
facilities  of  waterways,  and  the  interlake  channels  with  their  lighting, 
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are  partly  provided  by  the  public  without  charge,  and  therefore, 
the  cost  incurred  ought  to  be  added  to  the  freight  rates  by  water 
in  the  proper  proj^ortion  to  obtain  a  fair  comjjarison  with  railroad 
rates. 

The  endeavor  will  be  made  in  this  paper  to  show  that  the  argu- 
ments based  on  past  experience  with  canals  are  inconclusive,  and  to 
give  the  real  reason  why  private  capital  cannot  safely  undertake  the 
construction  of  the  canal  here  considered  and  count  with  certainty 
on  receiving  the  benefits  derived  from  it.  It  is  a  necessary  condition 
for  the  success  of  human  intercourse  that  he  who  confers  a  benefit  on 
others  receive  an  equivalent  benefit  in  exchange.  Wherever  there  is 
free  comj^etition  between  those  providing  the  different  kinds  of  bene- 
fits or  goods,  and  between  those  desiring  them,  this  offers  the  means 
of  ascertaining  what  are  equivalent  benefits  or  what  is  the  relative 
value  of  different  goods. 

Where  such  competition  is  absent  it  is  extremely  difficult,  if  not 
entirely  impossible,  to  ascertain  what  would  be  an  equivalent  benefit 
for  a  service  rendei'ed,  or,  in  other  words,  what  would  be  a  fair  charge 
for  the  same. 

On  account  of  this  impossibility  of  ascertaining  what  is  a  fair 
charge  for  services  which  in  consequence  of  their  nature  exclude  com- 
petition, public  opinion  is  fliictuating  on  this  point.  In  any  business 
which  is  a  monopoly  seriously  affecting  the  welfare  of  a  very  large 
number  of  j^eople  who  can  easily  co-operate  politically,  interference 
with  the  liberty  of  charging  what  the  traffic  will  bear  must  always  be 
feared,  and  the  probable  profits  can  therefore  not  be  estimated.  All 
those  benefits  which  can  be  rendered  at  very  much  reduced  cost,  if 
manufactured  on  an  extremely  large  scale,  limit  or  entirely  exclude 
competition.  All  means  of  transj^ortation  belong  to  this  class.  A 
highway  will  facilitate  transportation,  and  the  cost  of  the  unit  of 
benefit  rendered  by  it  falls  rapidly  with  the  amount  of  traffic.  A  fair 
toll  on  a  highway  privately  owned  would  be  of  such  an  amount  as 
would  give  an  equal  return  to  the  capital  invested  in  its  construction 
as  the  retiirn  obtained  by  capital  invested  in  competitive  enterprises 
of  equal  risk,  and  managed  with  the  same  amount  of  skill. 

This  needs  only  to  be  stated  to  show  the  impossibility  of  ascer- 
taining what  is  a  fair  toll  when  the  highway  is  constructed  without 
sufficient  public  control  to  show  the  amount  of  capital  really  expended. 
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not  to  speak  of  the  difficulty  of  judging  the  risk  and  the  skill  used  in 
the  enterjirise. 

So  many  interests  are  affected  by  the  amount  of  the  tolls  collected 
on  highways,  and  the  usefulness  of  a  highway  is  so  much  reduced  by 
the  collection  of  uniform  tolls  of  any  size,  that  highways,  where  they 
have  been  built  by  private  enterj^rise,  have  mostly  been  expropriated 
and  the  tolls  abrogated. 

Private  railways  are  not  qiiite  as  precariously  situated  as  either 
highways  or  canals. 

In  a  rapidly  developing  country,  if  a  State  regulates  the  railroad 
charges  so  that  they  pay  no  fair  return  on  the  capital  invested, 
railroad  building  or  improvement  of  facilities  is  stopped,  and  this  is 
soon  felt  to  be  such  an  obstacle  to  further  growth  that  public  opinion 
becomes  more  favorable  to  railroads,  and  permits  them  to  profit  by  the 
inci'ease  in  traffic.  It  is  further  evident  that  competition  very  largely 
influences  many  railroad  charges;  they  are  therefore  not  arbitrary,  and 
in  consequence  there  is  a  strong  element  in  public  opinion  advocating 
that  they  be  left  alone,  which  succeeds  in  greatly  tempering  jjublic 
interference. 

It  is  felt  more  and  more  that  the  only  fair  way  to  fix  the  compensa- 
tion of  the  vai-ious  factors  contributing  to  the  creation  of  public 
benefits  outside  the  range  of  competition  is  to  induce  the  capitalists 
to  furnish  their  contribution,  not  by  promising  them  the  net  earnings 
which  they  might  get  by  managing  the  enterj^rise  and  charging  what 
the  traffic  will  bear,  biit  by  promising  the  smallest  rate  of  interest  for 
which  the  capital  is  obtainable  in  the  ojien  market,  and  compensating 
the  various  grades  of  labor  liy  wages  and  salaries  in  the  same  manner 
as  the  capitalist  would  have  to  do.  The  entrepreneur  is  in  this  case 
the  public,  which  is  then  at  liberty  to  charge  for  the  services  rendered 
whatever  is  thought  most  advantageous  for  the  public  welfare. 

A  private  company  which  would  projDOse  to  build  a  canal  between 
the  lakes  and  New  York  would,  in  the  present  state  of  public 
opinion,  probably  be  unable  to  obtain  a  charter,  and  should  it  obtain 
one  it  would  be  so  entirely  at  the  mercy  of  the  public,  in  respect  to 
the  charges  which  woixld  be  permitted,  that  it  probably  could  not 
raise  the  necessary  capital. 

The  proposed  project,  if  we  consider  now  that  recommended  by 
the  United   States  Commission,   of   a  canal  21   ft.  deep   and   215  to 
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250  ft.  wide  at  the  bottom,  thiougli  the  Niagara  River  frora  Buffalo 
to  Lasalle,  thence  by  eight  locks  to  Lewiston,  then  through  Lake 
Ontario  to  Oswego,  from  there  to  Lake  Oneida  and  through  the 
Mohawk  Valley  to  the  Hudson,  is  a  waterway  that  would  permit  free 
access  from  all  the  Lakes  to  the  ocean,  for  vessels  5-50  ft.  long,  58  ft. 
beam  and  19  ft.  draft;  it  would  make  them  available  in  winter,  and 
would  thereby  reduce  cost  of  local  transportation  on  the  Lakes;  it 
would  connect  the  harbors  serving  the  most  productive  regions  of  the 
United  States  with  each  other  by  an  unobstructed  waterway,  avoid- 
ing transfer  of  freight  from  lake  vessels  to  canal  boats,  and  from  these 
to  ocean  steamers. 

There  are  only  three  waterways  which  ajai^roach  this  one  in  the 
nature  and  magnitude  of  the  services  rendered— the  Suez  Canal,  the 
Sault  Ste.  Marie  Canal  and  the  waterway  between  Lakes  Huron  and 
Erie.  While  the  Suez  Canal  saves  thousands  of  miles  of  distance,  or 
the  two  transfers  and  a  short  railroad  haul,  which  would  be  necessary 
in  its  absence,  the  three  other  canals  of  this  class  save  transfers  at 
each  end  which,  with  the  attendant  charges  or  costs,  the  delays  in 
loading  and  unloading,  and  the  risks  of  damage  to  goods,  are  eco- 
nomically considered  equivalent  to  thousands  of  miles  of  distance. 

Isolated  canals  suflfer  from  the  disadvantage  that  their  cheap  trans- 
portation is  overbalanced  by  the  necessity  of  transfers  for  all  the 
freight  either  coming  from  or  going  to  points  which  they  do  not 
reach.  They  might  be  called  transfer  canals,  while  the  four  canals 
above  grouped  together  are  transit  canals. 

The  canals  of  Europe,  where  they  are  successful,  are  parts  of  large 
systems,  thereby  increasing  the  number  of  points  accessible  without 
transfer;  they  stand,  therefore,  more  nearly  on  an  eqiial  footing  with 
railroads  in  this  respect.  They  form  an  intermediate  link  between 
the  isolated  canals  creating  transfers  and  the  canals  connecting  large 
systems  of  water  transportation  which  save  transfers. 

This  difference  is  sufficiently  important  to  vitiate  all  inferences 
drawn  from  the  failure  of  canals  of  one  class  to  the  prospects  of  those 
of  another. 

The  cost  of  running  a  vessel  though  the  proposed  ship  canal 
between  Buffalo  and  New  York  is  no  mystery.  The  practicable  speed 
is  known  by  experience  with  other  canals  of  similar  dimensions. 
Leaving  for  later  consideration  the  interest  on  cost  of  canal  and  its 
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operating  expenses,  it  is  sufficiently  accurate  to  say  that  the  cost  per 
ton-mile  of  running  a  vessel  through  the  canal  is  larger  than  that  on 
the  lakes  in  the  proportion  that  the  time  required  to  pass  through  the 
canal  is  larger  than  that  for  an  equal  distance  on  the  Lakes.  The 
speed  of  the  newer  freight  steamers  on  the  Lakes  is  about  twelve  miles 
per  hour;  the  speed  through  the  St.  Clair  flats  canal,  of  dimensions 
similar  to  those  of  the  canal  proposed  between  the  Lakes  and  the 
Hudson,  is  over  eight  miles  per  houi',  as  found  by  actual  measure- 
ments by  the  United  States  Canal  Commission.  To  estimate  the 
increase  in  cost  of  transportation  due  to  this  reduction  in  speed  it  is 
important  to  separate  the  total  cost  of  transportation  into  two  parts, 
the  one  due  to  the  running  of  the  vessel,  which  increases  as  the  dis- 
tance, and  the  other  due  to  the  expenses  at  terminals,  which  is  depend- 
ent on  the  number  of  trips,  and  is  not  materially  affected  by  an 
increase  in  the  time  sj^ent  while  running.  For  trips  between  the  Upper 
Lakes  and  Buffalo  not  more  than  two-thirds  of  the  expenses  of  vessel 
owners  are  incurred  for  running  the  vessels  between  terminals.  The 
ship  canal  betw  een  Buffalo  and  New  York,  proposed  by  the  United  States 
Canal  Commission,  has  102  miles  of  canal  of  standard  section  and  96 
miles  of  canalized  river  in  which  the  bottom  width  varies  between  250 
and  1  OOO  ft.  If  we  assume  for  the  whole  length  of  restricted  channel, 
amounting  to  198  miles,  a  speed  of  8  miles  an  hour,  which  can  be  ex- 
ceeded in  some  parts  of  it,  the  time  required  for  passing  through  this 
channel  would  be  24.75  hours,  or  the  same  as  would  be  required  for  a 
distance  of  297  miles  on  the  open  Lakes,  an  increase  over  actual  distance 
of  99  miles.  The  delay  caused  by  the  37  lockages  would  be  equal  to  23 
hours,  which  would  be  sufficient  to  cover  276  miles  in  the  open  Lakes. 
The  time  required  for  going  from  Chicago  to  New  York,  an  actual 
distance,  via  the  proposed  canal,  of  1  367  miles,  would  be  the  same  as 
that  required  for  covering  a  distance  of  1  742  miles  on  the  open  Lakes. 
The  average  charge  on  the  Lakes  for  low-class  freight  between 
Chicago  and  Buffalo  was,  in  the  years  before  the  recent  abnormal  rise, 
below  50  cents  a  ton,  of  which  33.3  cents  only  is  due  to  the  distance 
to  be  covered,  and  16.7  cents  is  due  to  terminal  expenses  incurred  by 
carrier.  If  these  terminal  expenses  of  carrier  remain  the  same,  the 
only  increase  in  total  freight  charge  to  New  York  over  that  to  Biiffalo 
will  be  due  to  the  increased  time  required  in  going  from  Chicago  to 
New  York  instead  of  to  Buffalo.     The  increase  is  as  890  miles  to  1  742 
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miles,  and  the  charge  for  transportation  proper  would,  therefore,  be 
65.3  cents  per  ton  instead  of  33.3  cents.  If  we  add  to  this  the  charge 
of  16.7  cents  due  to  terminal  expeuses  of  carrier,  we  obtain  82  cents 
per  ton  as  the  pi'obable  future  charge  for  low-class  freight  from 
Chicago  to  New  York.  This  is  at  the  rate  of  0.60  mill  per  ton-mile 
for  the  actual  distance  of  1  367  miles. 

This  rate  is  nearly  identical  with  the  rate  j^er  ton-mile  between 
Chicago  and  Buffalo  ruling  before  the  recent  rise  in  lake  freight  rates, 
and  corresponding  to  50  cents  a  ton  between  the  latter  points. 

This  illustrates  the  great  advantage  of  the  absence  of  transfers;  the 
terminal  expenses,  being  distributed  over  a  greater  number  of  ton- 
miles,  decrease  the  total  rate  per  ton-mile  as  much  as  it  is  increased 
by  the  slower  speed  on  the  canal. 

Any  comparison  of  actual  ocean,  lake  or  railroad  rates  between 
points  of  widely  varying  distances  will  show,  other  things  being- 
equal,  that  the  ton-mile  rate  decreases  with  the  distance.  Between 
S&n  Francisco  and  Europe  the  ton-mile  rate  falls  sometimes  to  0.03 
cent  for  grain  and  0.02  cent  for  coal  returning;  while  between  New 
York  and  Europe  ton-mile  rates  twice  as  high  prevail.  This  clearly 
shows  that  a  large  percentage  of  the  freight  charge  is  due  to  terminal 
expenses. 

The  above  rate  of  82  cents  per  ton,  Chicago  to  New  York,  is  the 
charge  toward  which  the  actual  freight  rate  might  be  expected  to 
gravitate,  after  the  profits  in  the  business,  which  woiild  at  the  begin- 
ning probably  be  excessive,  should  have  fallen  to  a  normal  amount. 
The  same  rate,  increased  by  4  cents  per  ton  for  every  hundred  miles 
distance  from  New  York,  might  be  expected  to  rule  between  Chicago 
and  places  beyond  New  York. 

Six  days  would  be  the  time  required  for  the  transport  of  through 
freight  between  Chicago  and  New  York. 

This  quick  time,  and  the  absence  of  transfers,  would  have  the  effect 
that  a  large  amount  of  high-class  freight  could  be  secured,  for  which 
the  present  charge  is,  by  rail,  ^6  to  $15  per  ton,  according  to  class. 

The  freight  charge  for  wheat,  Chicago  to  New  York,  corresponding 
to  the  above  rate  of  82  cents  per  ton,  is  2.46  cents  per  bushel. 
Through  the  present  Erie  Canal  the  charge  for  wheat,  Chicago  to  New 
York,  was  in  1898,  4.82  cents  per  bushel.  The  saving  would  therefore 
be  2.36  cents  per  bushel  in  comparison  with  the  cheapest  and  slowest 
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method  of  trausportation  now  available.  Since  the  freight  tonnage  of 
the  New  York  State  canals  is  only  about  5%  of  that  of  the  railroads 
crossing  the  State,  it  is  more  reasonable  to  comjaare  the  charges  for 
freight  through  the  new  canal  with  the  lake  and  rail  and  with  the  all- 
rail  rates  now  existing  between  Chicago  and  New  York.  The  lowest 
average  lake  and  rail  rates  for  wheat  ruled  in  1898,  when  they  were 
5.4  cents  per  bushel.  The  lowest  average  all-rail  rate  is  given  at  10 
cents  i^er  bushel;  6  cents  per  bushel  has,  however,  sometimes  ruled 
from  Chicago  to  the  seashore. 

In  comparison  with  lake  and  rail  rates,  the  saving  on  the  new  canal, 
offering  far  better  service,  would  be  2.94  cents  per  bushel. 

For  wheat  going  to  points  on  the  Atlantic  coast  which  cannot  be 
reached  by  present  canal  boats,  or  to  Europe,  the  transfer  in  New  York 
could  be  avoided  by  the  use  of  ocean  steamers  loading  at  upper  lake 
ports.  Not  only  the  transfer  charges  in  New  York  would  thereby  be 
saved,  but  the  costs  due  to  the  loss  of  time  of  both  carriers  engaged  in 
the  transfer,  and  the  total  saving  in  comparison  with  present  charges 
for  transport  from  upper  lake  points  to  all  points  beyond  New  York  and 
immediate  vicinity,  would  be  over  5  cents  per  bushel,  or  ^1.67  per  ton. 

Advocates  of  a  barge  canal  between  New  York  and  Buffalo  lay  much 
stress  on  the  low  cost  of  barges  and  lake  vessels  per  ton  of  carrying 
cajjacity  in  comparison  with  ocean  steamers,  and  by  assuming  that  an 
ocean  steamer  or  lake  vessel  would  have  to  go  at  the  rate  of  4  miles  an 
hour  between  New  York  and  Buffalo,  and  would  remain  as  long  at 
terminals  as  a  canal  boat,  they  figure  out  advantages  for  a  shallow  canal 
with  the  present  system  of  transfers.  Their  assumptions  are,  however, 
not  justified  by  the  facts.  The  disadvantage  of  ocean  steamers  arising 
from  the  necessity  of  a  stronger  hull  than  is  required  for  lake  steamers, 
and  from  the  use  of  surface  condensers  has  been  greatly  exaggerated 
by  comparing  the  cost  of  fast  and  durable  ocean  steamers  with  that  of 
much  slower  and  short-Kved  lake  steamers,  without  making  allowance 
for  these  differences.  The  difference  in  cost  that  does  exist  in  this 
respect  is  overbalanced  by  the  fact  that  the  ocean  steamer  can  run  for 
12  months  in  the  year,  Avhile  the  lake  steamer  is  limited  to  an  open 
season  of  8  months.  The  interest  charge  per  month  of  running  time 
is  therefore  less  for  an  ocean  steamer  than  for  a  lake  steamer  of  equal 
carrying  caj)acity,  equal  speed  and  durability. 

A  lake  steamer  can  give  only  transient  employment  to  its  personnel 
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.  during  a  season  of  the  year  when  wages  are  high,  while  the  ocean 
steamer  can  give  permanent  emjiloyment,  and  obtains,  therefore,  a 
cheaper  service. 

Ocean  freight  rates  are,  in  consequence,  rather  lower  than  freight 
rates  on  the  lakes.  Canal  boats  costing  only  S8  per  ton  carrying 
capacity  could  not  safely  go  beyond  the  canal.  They  would  obtain  in 
a  barge  canal  a  speed  of  only  4  miles  per  hour;  the  thereby  increased 
cost  of  labor  per  ton-mile,  and  the  delays  due  to  transfers  of  freight 
more  than  balance  the  advantages  gained  by  lower  interest  charge. 

Shoiild  a  canal  of  the  kind  projjosed  by  the  United  States  Canal 
Commission  be  built,  the  through  freight  business  between  the  lake 
points  and  transatlantic  countries  would  be  done  largely  by  medium- 
sized  ocean  steamers,  while  lake  steamers  and  coasting  vessels  would 
do  the  throiigh  business  between  lake  points  and  the  Atlantic  coast 
harbors,  and  barges  might  be  used  for  local  business.  Even  the  local 
business  done  in  barges  could  be  done  much  cheaper  in  a  ship  canal 
than  in  a  barge  canal,  because  the  iiracticable  speed  in  the  former 
would  be  twice  that  in  the  latter. 

In  regard  to  the  amount  of  biisiness  which  could  be  expected  for 
such  a  canal,  it  need  only  be  mentioned  that  were  it  finished  now, 
200  000  000  bushels  of  wheat  and  its  products,  and  250  000  000  bushels 
of  corn,  or  12  250  000  tons  in  these  two  items  alone,  would  probably  be 
transported  through  it  in  an  average  season.  Adding  to  these,  other 
grains,  ore,  coal,  lumber,  salt,  stone,  cement  and  the  large  amount  of 
high-class  freight  which  might  be  expected,  it  is  evident  that  20  000  000 
tons  is  a  low  estimate  of  the  jirobable  freight  iper  year  shortly  after  its 
opening. 

The  traffic  of  the  Sault  Ste.  Marie  Canal  has  doubled  every  six 
years  during  the  last  twenty-four  years;  it  was  25  000  000  tons  in 
1899.  If  we  compare  the  jiroductivity  and  population,  or  the  tonnage 
visiting  the  harbors  at  both  ends  of  the  Sault  Ste.  Marie  Canal,  with 
those  at  both  ends  of  the  canal  between  the  lakes  and  New  York,  we 
can  hardly  believe  that  the  latter  will  have  a  smaller  amount  of  freight 
than  the  former. 

The  Detroit  River  has  at  present  an  estimated  traffic  of  over  40  000- 
000  tons.  There  can  be  little  dotibt  that  the  more  eastern  canal,  hav- 
ing the  whole  lake  region  at  one  end  and  the  coasts  of  the  Atlantic  at 
the  other,  would  soon  reach  and  exceed  this  amount. 
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A  comparison  of  the  traffic  of  8  500  000  tons  of  the  Suez  Canal,  con- 
necting a  population  of  700  000  000  in  the  East  with  one  of  400  000  000 
in  the  West,  with  the  traffic  of  the  interlake  waterways,  which  mainly 
serves  the  trade  of  a  i)opulation  of  only  40  000  000,  gives  a  striking 
illustration  of  the  small  amount  of  trade  between  distant  old  world 
nations  in  comparison  with  a  fraction  of  the  internal  trade  of  a  part  of 
the  United  States. 

The  internal  trade  of  the  United  States  is  more  than  ten  times  its 
foreign  trade.  The  internal  transportation  costs  about  twenty  times 
as  much  as  that  for  the  foreign  trade.  This  explains  why  these  internal 
waterways  secure  such  an  enormous  traffic  in  comparison  with  the 
population  they  serve.  By  far  the  largest  part  of  the  traffic  through  a 
canal  between  Buffalo  and  New  York  would  be  traffic  between  the 
Atlantic  coast  harbors  of  the  United  States  and  the  interior  of  the 
country. 

There  can  therefore  be  no  doubt  that  the  saving  in  cost  of  trans- 
portation would  benefit  the  United  States  principally.  The  only 
benefit  Europe  would  derive  from  it  would  follow  afto'  the  higher 
prices  for  grain  in  the  West  had  so  stimulated  production  as  to  largely 
increase  exports,  and  reduce  European  prices  in  consequence,  and 
after  the  decreased  prices  of  European  products  in  the  West  had 
increased  the  demand  for  them,  so  as  to  produce  a  rise  of  prices  in 
Europe. 

Since  the  canal  cannot  be  finished  before  six  years  have  elapsed, 
any  estimates  of  its  traffic  based  on  the  present  business  of  the  inter- 
lake channels  woiild  have  to  be  increased  at  least  50^(i,  since  this 
increase  may  reasonably  be  expected  in  their  traffic  during  this  time. 
It  would  therefore  be  advisable  in  construction  to  make  provision  for 
duplicating  the  locks  in  the  near  future. 

The  capacity  per  season  of  the  canal  proposed  by  the  United  States 
Canal  Commission  is  36  000  000  tons;  its  estimated  cost,  inclusive  of 
deepening  of  interlake  channels  to  21  ft. ,  is  .f 200  000  000. 

Allowing  one-eighth  of  the  cost  for  interest  during  construction, 
and  taking  interest  at  S^ff,  the  yearly  cost  would  be  .f 6  750  000,  plus 
the  cost  of  maintenance,  which  latter  is  estimated  at  $2  350  000  per 
year. 

A  very  moderate  toll,  in  comparison  with  the  saving  in  cost  of 
transportation,  would  cover  all  expenses  incurred  by  the  nation.     The 
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saving  to  the  iJiiblic  in  freight  charges  would  i^robably  average  $1.50 
a  ton  in  consequence  of  the  advantages  which  uninterrupted  and  quick 
transportation  would  offer  to  high-class  freight. 

The  whole  district,  not  alone  along  the  canal,  but  the  whole  lake 
and  Atlantic  coast  of  the  United  States,  would  thereby  become 
unequaled  in  its  accessibility  to  raw  materials  and  markets.  The 
lake  basin,  having  the  cheapest  steel  of  any  shore,  would  then  become 
the  princij^al  shipbuilding  center  of  the  world. 

The  I'apid  increase  of  business  on  the  Lakes,  as  well  as  through 
this  canal,  would  undoubtedly  create  a  demand  for  greater  depth  in 
the  lake  harbors  and  larger  cross-section  in  the  interlake  channels  and 
in  the  canal,  and  this  prospect  should  be  kept  well  in  view  during  the 
planning  and  construction  of  the  same. 

It  might  even  be  advisable,  considering  the  improvements  in  lake 
channels  and  harbors  which  may  be  expected  during  the  next  twenty 
years,  to  biiild  the  canal  24  ft.  deep,  instead  of  selecting  dimensions 
which  will  be  just  sufficient  for  accommodating  the  vessels  which  will 
exist  in  the  Lakes  at  the  time  of  its  completion.  This  would  give, 
from  the  beginning,  the  advantage  of  permitting  greater  speed  than 
would  be  possible  on  the  smaller  canal.  The  larger  locks  to  accom- 
modate the  vessels  on  this  larger  canal  would  also  give  a  larger 
carrying  capacity,  which  will  almost  certainly  be  needed  before 
twenty  years  of  its  operation  have  expired. 

To  sum  up:  The  ship  canal  between  the  Lakes  and  New  York 
proposed  by  the  United  States  Commission  is  a  transit  canal  connect- 
ing without  transfer  two  large  systems  of  important  harbors;  it  is 
therefore  in  the  class  of  canals  which  have  been  most  successful  in 
the  past. 

It  connects  the  two  most  productive  regions  in  the  world,  and  will 
therefore  soon  have  a  traffic  equal  to  the  proposed  capacity  of 
36  000  000  tons  a  year. 

The  yearly  cost  of  the  canal  will  be  89  100  000,  which  is  about  25 
cents  per  ton  of  freight  which  will  soon  pass  through  it. 

The  saving  in  cost  of  transportation  will  average  about  $1.50  per 
ton  in  comparison  with  the  cost  of  equally  good  service  at  present 
available.  Most  of  this  saving  will  accrue  to  the  United  States,  which 
should  therefore  undertake  its  construction. 

A  toll  adequate  to  cover  all  the  cost  will  not  materially  interfere 
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with  its  usefxxluess,  and  will  serve  to  tlistribute  justly  the  burden  of 
the  expense  on  those  who  gain  by  its  construction. 

There  is  at  present  under  way  a  survey  for  a  barge  canal  of  12  ft. 
depth,  the  cost  of  which  has  been  estimated  at  about  $59  000  000 
by  the  New  York  Canal  Commission.  It  is  proposed  that  the  State 
of  New  York  shall  build  it  for  the  purpose  of  securing  its  commercial 
sujiremacy.  The  roiite  is  that  of  the  present  Erie  Canal,  with  some 
deviations;  the  estimated  capacity  is  20  000  000  tons  per  season.  It  is 
hoj)ed  that  the  transfer  charges  at  Bufl'alo  and  New  York  will  be 
largely  reduced  in  consequence  of  the  building  of  such  a  canal.  It 
is  estimated  that  the  saving  in  cost  of  transportation  through  the 
whole  length  of  this  canal,  in  comparison  with  the  cost  through  the 
present  Ei'ie  Canal,  will  be  61  cents  per  ton,  which  would,  in  the 
opinion  of  the  Commission,  amply  comi^ensate  the  State  for  its 
expenditures  for  construction  and  maintenance.  It  is  not  projjosed  to 
levy  any  tolls. 

The  difference  in  the  cost  of  transportation  on  the  present  and 
improved  canal  is  calculated  by  estimating  the  cost,  running  expenses 
and  carrying  capacity  per  season,  of  a  new  style  of  barge,  with  which 
there  is  no  practical  experience,  and  comparing  this  with  the  actual 
cost  of  transportation  through  the  present  Erie  Canal. 

This  method  is  evidently  subject  to  a  great  many  errors,  even  if 
used  by  investigators  who  are  not  in  any  way  prejudiced  in  favor 
of  a  particu-lar  result. 

An  illustration  of  the  amount  of  difi'erence  between  facts  and  esti- 
mates of  this  kind  is  furnished  by  the  estimate  made  by  Major  Symons, 
M.  Am.  Soc.  C.  E.,  of  the  New  York  Canal  Commission,  on  page  81  of  a 
report  to  the  Chief  of  Engineers  of  the  United  States  Army  in  1897,  on  a 
canal  between  Buffalo  and  New  York.  He  there  gives  ten  as  the  practi- 
cal number  of  round  trips  per  season  between  Buffalo  and  New  York  for 
a  vessel  of  20  ft.  -draft,  in  a  canal  24  ft.  deep,  on  the  Oswego  route.  The 
United  States  Canal  Commission  gives  sixteen  as  the  practicable 
number  of  round  trips  per  season  between  Chicago  and  New  York,  for 
a  vessel  of  19  ft.  draft  in  a  canal  21  ft.  deep,  on  the  Oswego  route. 
This  latter  estimate  is  based  on  careful  observation  of  the  actual  speed 
of  similar  vessels  in  a  canal  of  the  same  dimensions  as  the  one  pro- 
posed between  Buffalo  and  the  Hudson,  on  the  observed  speed  in  the 
open  Lakes,  and  on  the  actual  performances  of  lake  vessels.     This  gives 
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15  days  7|  hours  for  one  round  trip,  of  which  6  days  are  required  for 
the  forward  and  return  passage  between  Buffalo  and  Chicago.  This 
leaves  9  days  7h  hours  as  the  time  required,  according  to  their 
estimate,  for  one  round  trip  between  Buffalo  and  New  York,  and  would 
permit  twenty-six  roimd  trips  per  season  between  these  points,  with 
3  days  to  spare  in  the  average  open  season. 

The  practicable  number  of  round  trips  is  the  most  essential  element 
in  all  the  estimates  of  cost  of  transportation  in  various  kinds  of  canals 
between  Buffalo  and  New  York,  made  by  Major  Symons. 

This  throws  considerable  doubt  on  the  accuracy  of  his  calculations 
of  the  saving  in  cost  of  transportation  to  be  expected  from  an 
improved  barge  canal. 

But  let  us  assume,  for  the  sake  of  argument,  that  the  estimate  of 
the  New  York  State  Canal  Commission,  of  the  difference  in  cost  of 
transportation  in  the  present  and  the  improved  Erie  Canal,  is  correct, 
and  let  us  investigate  whether  the  conclusion  drawn  therefrom,  that  it 
is  advisable  for  the  State  of  New  York  to  execute  the  improvement,  is 
justified  by  the  premise. 

If  the  public  provides,  at  its  OAvn  cost,  a  new  means  of  transporta- 
tion, or  an  improvement  in  an  old  one,  cheapening  cost  of  transj^ort 
by  a  certain  amount,  various  freight  will  be  transported  that  would 
not  have  been  transported  at  all  in  the  absence  of  the  improvement, 
and  other  freight  is  deflected  from  other  means  of  transport,  though 
the  advantage  thereby  secured  may  be  very  trifling,  but  just  sufficient 
to  turn  the  balance  in  its  favor.  It  is  therefore  a  serious  error  to 
estimate  the  advantage  to  the  public  achieved  by  an  improvement  in 
the  Erie  Canal,  by  multiplying  the  difference  in  cost  of  transporta- 
tion per  ton  in  the  old  and  new  canal  with  the  number  of  tons  passing 
through  the  new  canal,  and  subtracting  therefrom  the  expenses 
incurred  by  the  jjublic  for  construction  and  maintenance.  This 
method  is  only  .correct  for  freight  which  woiild  pass  through  the  Erie 
Canal  in  its  present  condition.  This  tonnage  of  the  present  Erie 
Canal  is  constantly  decreasing,  in  consequence  of  the  continually 
falling  railroad  rates. 

The  average  saving  on  freight,  either  newly  created  or  diverted 
from  other  transportation  lines,  will  be  liberally  estimated  if  assumed 
to  be  0.6  of  the  amount  of  61  cents,  or  36.6  cents  per  ton. 

If  the  taxpayers  of  the  State  of  New  York  are  expected  to  jirovide 
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an  improvement,  it  is  reasonable  for  them  to  ask  whether  their  benefit 
from  it  is  likely  to  compensate  them  for  the  expense.  An  improved 
Erie  Canal,  lowering  the  cost  of  transport  and  the  transfer  charges, 
would  undoubtedly  largely  increase  the  amount  of  freight  passing 
through  it,  originating  at,  and  destined  for,  points  outside  New  York, 
but  the  saving  on  this  part  of  its  freight  traffic  would  only  slightly 
benefit  New  Yorkers. 

Of  the  freight,  either  exported  from  New  York  State  or  imported 
into  the  State  through  the  canal,  half  the  saving  in  cost  of  transport 
might  be  expected  to  represent  the  benefit  to  New  Yorkers.  The  fol- 
lowing method  will,  therefore,  give  the  balance  of  advantage  and 
expense  of  an  improved  barge  canal  from  the  standpoint  of  New 
Yorkers. 

Take  the  whole  saving  on  the  present  amount  of  local  freight  of 
canal  originating  at,  and  destined  for,  points  in  New  York  State. 
The  average  distance  traversed  by  this  freight  on  canal  is  not  known, 
but  will  not  be  underestimated  if  taken  to  be  three-fourths  of  its 
length.  The  saving  on  this  freight  would  therefore  be  three-fourths 
of  61  cents,  or,  say,  46  cents  per  ton. 

Take  half  the  saving  of  cost  of  transportation  on  the  present  canal 
business  originating  in,  or  destined  for,  points  in  New  York  State. 
If  we  estimate  the  distance  traversed  by  this  freight  on  canal  as  three- 
fourths  of  its  total  length,  the  saving  to  New  Yorkers  on  this  freight 
would  be  23  cents  per  ton.  For  new  business  created  by  the  improve- 
ment take  0.6  of  the  amounts  above  given. 

Neglect  the  through  business  originating  at,  and  destined  for, 
points  outside  the  State.  Then  comjjare  the  sum  of  advantages  so 
obtained  in  one  year  with  the  yearly  expenses  incurred  for  mainten- 
ance and  interest  on  cost  of  improvement.  If  there  is  a  large  surjDlus 
on  the  right  side  the  State  may  be  justified  to  commit  the  unavoidable 
amount  of  injustice  which  lies  in  collecting  taxes  in  proportion  to 
assessed  value  of  property  while  the  benefits  are  very  unequally  dis- 
tributed among  the  whole  pojiulation. 

Should  the  total  freight  carried  by  the  canal  be  equal  to  its 
capacity  of  20  000  000  tons,  the  freight  with  origin  and  destination 
outside  New  York  would  be  at  least  10  000  000  tons;  the  remainder, 
not  more  than  10  000  000  tons,  would  partly  have  both  origin  and  des- 
tination in  New  York,  and  partly  only  one  of  them.      We  can  only 
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guess  at  the  relative  amount  of  these  two  parts;  we  shall  therefore 
take  them  to  be  equal. 

Of  these  latter  two  parts  about  one-eighth  would  have  to  be  taken 
as  the  successor  of  the  corresponding  freight  on  the  present  Erie  Canal. 

The  saving  for  New  Yorkers  would,  therefore,  be  as  follows: 

On  625  000  tons  of  freight  corresijonding  to  the 
freight  on  the  i^resent  Erie  Canal,  with  origin 
and  destination  in  New  York,  46  cents  per  ton, 
equal  to S237  500 

On  625  000  tons  of  freight  corresponding  to  freight 
on  i^reseut  Erie  Canal,  with  either  origin  or  des- 
tination outside  New  York,  23  cents  j^er  ton, 
equal  to 118  750 

On  4  375  000  tons  of  new  freight,  with  origin  and  des- 
tination in  New  York,  0.6  of  46  cents,  or  27.6 
cents  per  ton,  equal  to 1  207  500 

On  4  375  000  tons  of  new  freight,  having  either 
origin  or  destination  in  New  York,  0.6  of  23 
cents,  or  13.8  cents  per  ton,  equal  to G03  750 

The  total  saving  to  New  Yorkers,  due  to  the  cheajj- 
ening  of  transjjortation  on  the  improved  Erie 
Canal,  if  the  tonnage  on  the  same  were  equal  to 
its  capacity,  would  therefore  be $2  167  500 

We  have  estimated  that  10  000  000  tons  would  be  through  freight, 
saving  two  triinsfers,  or  benefiting  by  reduction  in  cost  of  two  trans- 
fers, probably  partly  the  one  and  partly  the  other;  and  5  000  000  tons 
Avould  be  freight  V)enefiting  by  reduction  in  cost,  or  avoidance  of  one 
transfer.  Half  of  the  benefit  from  reduction  in  transfer  cost  on  these 
5  000  000  tons  would  accrue  to  New  Yorkers. 

The  present  cost  of  these  transfers  is  70  cents  jjer  net  ton  for  two 
transfers;  if  one-half  of  this  cost  were  saved  the  New  Yorkers  would 
benefit  to  the  extent  of  .^437  500. 

If  we  add  this  amoTiut  to  the  saving  in  the  cost  of  transport,  -we 
obtain  $2  605  000  as  the  jiossible  saving  which  might  be  obtained  for 
New  Yorkers  through  the  improved  canal,  should  its  business  be  equal 
to  its  capacity. 

Against  this  stand  the  interest  charges  on  the  money  spent  on  the 
improvement  and  the  cost  of  maintenance,  which  latter  may  be  esti- 
mated at  ^1  500  000  per  year.     The  estimate  of  cost  of  the  improve- 
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meut  is  $59  000  000.  Tliis  does  uot  include  interest  during  construc- 
tion and  the  first  years  of  use,  when  business  would  be  much  smaller. 
If  we  add  12*'„  to  the  estimate  of  cost  on  this  account,  we  obtain 
§65  600  000  as  the  actual  cost  to  the  taxpayer  ;  Sj'o'  interest  on  this  is 
^1  968  000. 

The  yearly  cost  would  therefore  be  about  $3  468  000,  against  a 
benefit  to  New  Yorkers  of  .^2  605  000. 

Should  the  business  of  the  canal  be  only  10  000  000  tons,  which 
seems  to  be  the  estimate  of  the  New  York  State  Canal  Commission,  the 
total  benefit  to  New  Yorkers  would  be  about  .^1  500  000,  at  a  cost  more 
than  twice  the  amount. 

The  above  does  not  pretend  to  be  an  accurate  estimate,  as  that  is 
impossible;  it  is  only  intended  to  prove  that  even  if  the  difference  in 
cost  of  transportation  on  the  present  and  improved  Erie  Canal  were  61 
cents  per  ton,  if  the  improved  canal  would  secure  all  the  freight  it 
could  carry,  and  if  it  would  be  the  means  of  reducing  transfer  charges 
one-half,  none  of  which  favorable  assumptions  is  either  proved,  or 
even  probable,  the  State  of  New  York  would  not  be  justified  in  under- 
taking the  improvement  at  its  own  cost. 

This  whole  question  mnst  be  looked  at,  not  from  the  narrow  point 
of  view  of  the  State  of  New  York  and  its  particular  interest,  but  fi-om 
that  of  the  interest  of  the  United  States.  Modern  trade  is  regardless 
of  State  boundaries,  and  it  is  impossible  to  benefit  the  State  without 
benefiting  the  Union,  or  to  benefit  the  Union  in  this  matter,  without 
benefiting  New  Y'^ork  State. 

By  the  fact  that  every  point  along  the  canal  is  practically  a  harbor, 
or  can  easily  be  made  one,  the  State  must  always  profit,  as  a  center  of 
manufactures,  by  any  improvement  in  its  waterway,  more  than  either 
the  shores  of  the  Lakes  or  the  Atlantic,  since  only  com]5aratively  few 
points  along  these  shores,  namely,  those  with  harbors,  are  put  in  direct 
communication  by  this  waterway. 

The  main  service  of  this  waterway  does  not  consist  in  cheapening 
transportation  along  its  course,  though  this  also  will  be  accomplished 
more  efficiently  by  a  ship  canal  than  by  any  other,  but  in  removing  the 
necessity  of  transfers  at  both  ends. 

The  present  transfer  charges  are  only  the  smaller  part  of  the  total 
cost  incurred  on  account  of  these  transfers.  Transfer  or  transit  means 
all  the  difference  between  slow  and  inefficient  service,  excluding  all 
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except  the  lowest  class  freight,  and  in  great  danger  of  losing  even  this 
on  account  of  the  rapidly  falling  rail  freight  rates,  and  quick,  safe  and 
reliable  service,  by  through  transjjortation  lines,  at  such  low  cost  as 
to  be  beyond  the  reach  of  railway  comj)etition,  either  in  quality  of 
service  or  jarice  for  the  same,  between  all  the  points  which  can  be 
directly  reached. 

A  ship  canal  between  Buffalo  and  New  York  means  the  creation  of 
one  great  system  of  water  transportation  out  of  two  of  half  the  size; 
it  means  that  each  harbor  of  each  of  the  two  systems  will  have  on  an 
average  twice  as  many  points  to  which  it  can  ship  directly  by  water  as 
it  had  before.  Its  opening  will  be  the  signal  for  a  renewed  period  of 
rapid  increase  in  the  shipping  of  the  Atlantic  coast  as  well  as  the  lakes. 

A  toll  of  20  cents  a  ton  for  each  transfer  saved  by  the  freight  pass- 
ing through  this  canal  would  not  amount  to  more  than  one-quarter  of 
the  benefit  derived  from  this  saving,  if  the  imjarovement  in  quality  of 
service  made  possible  thereby  is  jjroperly  valued.  It  would  cover 
all  expenses  incurred  by  the  nation. 

Since  the  main  reason  for  the  large  cross-section  of  canal,  and  the 
great  expense  caused  thereby,  is  the  saving  of  transfers,  it  would  be 
just  to  charge  tolls  in  proportion  to  the  number  of  transfers  saved. 

The  projier  course  for  New  York  State  is,  therefore,  to  abandon  its 
policy  of  desiring  a  canal  all  by  itself,  and  to  join  in  hearty  co-opera- 
tion with  the  other  interests  desiring  a  ship  canal. 

If  it  refuses  to  do  so,  there  is  serious  risk  that  the  various  interests 
which  are  principally  concerned  in  having  the  cheapest  possible  com- 
munication between  the  West  and  Euroj)e,  will  join  forces  to  build  a 
ship  canal  from  the  Lakes  to  Montreal,  which  could  be  built  at  a  cost 
quite  commensurate  with  the  services  rendered  thereby ;  though  these 
would  not  compare  with  those  rendered  by  a  canal  through  New  Y'^ork, 
which  would  also  serve  the  much  larger  and  more  important  trade 
between  the  West  and  the  East  of  the  United  States. 


Vol.  XXVI.  OCTOBER,  1900.  No.  8. 


AMERICAN  SOCIETY  OF  CIVIL  ENGINEEES. 

INSTITUTED     185  2. 


PAPERS  AND   DISCUSSIONS. 

Note.— This  Society  is  not  responsible,  as  a  body,  for  the  facts  and  opinions  advanced 
in  any  of  its  publications. 


THE     ECONOMIC     DIMENSIONS    FOR    A    WATER- 
WAY FROM  THE  GREAT  LAKES  TO 
THE    ATLANTIC. 


By  Geokge  Y.  Wisner,  M.  Am.  Soc.  C.  E. 
To  BE  Presented  November  7th,  1900.* 


Tlie  economic  depth  for  canals  of  large  traffic  was  discussed  in  the 
Transactions  for  June,  1898,t  but  as  the  data  did  not  exist  at  that  time 
on  which  to  base  comparative  estimates  of  cost  of  canals  of  different 
dimensions  for  the  routes  under  consideration,  it  was  impossible  to 
fix  the  limiting  depth  where  the  fixed  charges  for  maintenance  and 
interest  on  the  cost  of  construction  would  make  the  actual  transi^orta- 
tion  rate  greater  than  for  lesser  depths  of  channel. 

Plans  and  estimates  have  been  made  since  then  for  regulating  works 
to  control  the  level  of  Lake  Erie,  and  for  constructing  waterways  21 
ft.  and  30  ft.  deep  through  the  connecting  channels  of  the  Great 
Lakes,  and  from  the  Lakes  to  the  Atlantic. 

A  iirelimiuary  estimate  of  a  barge  canal  12  ft.  deep  from  Buffalo  to 
New  York  has  been  made,  and  while  the  best  location  and  exact  cost 

Note.— These  papers  are  issued  before  the  date  set  for  presentation  and  discussion. 
Correspondence  is  invited  fi'om  those  who  cannot  be  present  at  the  meeting,  and  may  be 
sent  by  mail  ti.>  the  Secretary.  Discussion,  either  oral  or  written,  will  be  published  in  a 
subsequent  number  of  Proceedings^  and,  when  finally  closed,  the  papers  with  discussion 
in  full  will  be  published  in  Transactions. 

*The  discussion  on  this  paper,  in  connection  with  that  of  Mr.  Meyer  (see  page  972), 
will  be  taken  up  on  November  7th,  1900,  and  continued  at  the  meeting  of  November  21st, 
1900. 

t  Transactions,  Vol.  xxxix,  page  273. 
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cannot  be  stated  until  tlie  surveys  now  being  made  under  tlie  direction 
of  the  State  Engineer  are  completed,  it  is  safe  to  saj  that  the  estimate 
made  by  the  New  York  State  Committee  on  Canals  will  not  be  changed 
sufficiently  to  materially  affect  the  present  discussion. 

In  i^revious  discussions  of  the  proposed  waterway  from  the  Lakes  to 
the  seaboard  the  depth  of  channel  has  been  made  the  important  factor 
and  but  little  consideration  given  to  the  economy  in  transportation 
rates  due  to  the  different  speeds  which  may  be  maintained  by  steamers 
in  waterways  of  different  dimensions. 

For  instance,  in  Major  Symons'  able  report  on  a  Ship  Canal  from 
the  Great  Lakes  to  the  sea  it  is  estimated  that  lake  freighters  of  16  ft. 
and  20  ft.  draft  would  make  only  four  miles  per  hour  in  a  waterway  24 
ft.  deep,  and  that  the  time  required  at  terminal  i^orts  would  be  from 
11  to  12  days,  or  about  the  same  as  the  sailing  time  of  round  trip; 
while  in  a  barge  canal  12  ft.  deep,  with  a  cross-section  of  1  200  sq.  ft., 
steam  canal  boats  with  three  to  five  consorts  in  tow  would  be  able  to 
make  practically  the  same  number  of  roimd  trips  per  season. 

To  anyone  familiar  with  the  speeds  maintained  by  steamships  in 
the  artificial  channels  of  oiir  lake  waterways,  and  with  the  rapidity 
with  which  cargoes  are  loaded  and  discharged  at  terminal  ports,  it 
seems  like  begging  the  question  to  draw  conclusions  from  transporta- 
tion rates  based  on  such  assumptions. 

The  St.  Clair  Flats  Canal  is  7  200  ft.  long,  20  ft.  deep  at  mean  stage 
of  Lake  St.  Clair,  and  has  a  cross-section  of  about  5  700  sq.  ft.  or  200 
sq.  ft.  greater  than  the  cross-section  of  the  proposed  21-ft.  waterway 
from  the  Lakes  to  the  Atlantic  for  which  plans  and  estimates  have 
recently  been  made. 

It  has  been  found  from  actual  observations  that  the  large  freighters 
on  the  Lakes  can  safely  navigate  the  canal  at  speeds  of  from  7  to  11 
miles  per  hour  without  slackening  speed  when  passing  other  steamers 
in  the  waterway. 

There  is  an  average  current  of  about  1.7  miles  per  hour  in  the  canal, 
which  makes  navigation  much  more  dangerous  than  it  would  be  in  a 
canal  with  no  current  except  that  required  for  the  necessary  water 
supply,  yet  no  serious  accident  has  ever  occurred  in  the  -waterway. 

Lake  freighters,  cajjable  of  steaming  12.5  statute  miles  per  hour  in 
the  open  lake,  make  from  23  to  24  round  trips  per  season  between  Duluth 
and  Buffalo,  or  an  average  of  one  round  trip  every  ten  days,  three  days 
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of  wliicli  are  due  to  time  consumed  in  loading,  nuloadiug,  coaling  and 
making  repairs  at  terminal  ports. 

If  the  detentions  at  the  terminals  of  a  ship  canal  between  the  lakes 
and  New  York  should  amount  to  ten  or  twelve  days  per  round  trip,  it 
is  safe  to  say  that  but  little  freight  would  be  discharged  at  New  York 
excejit  that  consigned  directly  to  the  city,  a  condition  which  would 
unquestionably  develop  methods  of  handling  cargoes  such  that  the 
detentions  need  be  but  little  greater  than  at  lake  jjorts. 

The  Suez  Canal  had  a  cross-section  of  3  700  sq.  ft.  previous  to  the 
enlargement  now  being  made,  through  which  the  speed  for  large 
steamers  was  restricted  to  6.2  statute  miles  j)er  hour. 

In  the  Amsterdam  Canal,  with  a  cross-section  of  4  000  sq.  ft.  the 
speed  is  limited  to  5.6  miles  per  hour. 

In  the  Kiel  Canal,  having  a  cross-section  of  4  100  sq.  ft.,  a  speed  of 
6.2  miles  pev  hour  is  allov/ed,  but  the  larger  ships  only  average  about 
5  miles  per  hour. 

Speeds  of  6  miles  per  hour  are  allowed  for  large  ships  in  the  Man- 
chester Canal  where  the  cross-section  is  4  400  sq.  ft.,  but,  owing  to  the 
sharp  curves  in  the  canal,  tugs  are  used  for  towing  the  larger 
steamers. 

The  limit  of  speed  for  these  canals  has  been  fixed  with  reference  to 
preventing  injury  to  the  banks,  but  is  not  very  different  from  the 
economical  sjieeds  which  could  be  maintained  by  large  steamers  in 
waterways  of  such  dimensions. 

The  retardation  of  the  speed  of  a  ship  in  a  restricted  waterway  is 
due  to  the  resistance  of  the  sides  and  bottom  of  channel  to  the  move- 
ment of  the  water  displaced  by  the  steamer,  to  the  velocity  of  back 
flow  of  the  displaced  water,  and  to  the  back  pressure  of  the  water  piled 
up  in  the  channel  in  front  of  the  moving  shii3. 

It  has  been  found  from  actual  observations  of  the  speeds  of 
steamers  on  the  Great  Lakes  that  a  ship  capable  of  averaging  12.5 
miles  per  hour  in  the  deej^  water  of  the  open  lakes  is  retarded  about 
16^,  or  2  miles  per  hour,  when  steaming  with  the  same  boiler  pressure 
and  only  2  ft.  of  water  lander  the  keel. 

When  the  lake  channels  are  improved  so  as  to  allow  the  passage  of 
ships  of  19  ft.  to  20  ft.  draft,  the  cross-section  of  the  St.  Clair  Flats 
Canal  will  be  about  six  times  that  of  a  loaded  freighter,  and  the  mean 
back  flow  due  to  the  movement  of  the  shij)  will  be  about  one-fifth  of 
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the  speed  of  the  steamer.  It  is,  therefore,  apparent  that  where  the 
cross-section  of  the  waterway  is  less  than  six  times  that  of  the  passing 
ship  the  speed  will  be  retarded  at  least  one-third  of  that  which  could 
be  maintained  in  ojien  water. 

The  dimensions  which  should  be  given  a  waterway  between  the 
lakes  and  the  Atlantic  depends  upon  the  economic  depth  which  can  be 
obtained  and  maintained  in  the  water  routes  to  be  connected. 

The  depth  of  channels  at  the  entrances  of  lake  harbors  before 
improvement  was  only  about  3  ft.  to  10  ft.,  and  across  the  shallows  of 
the  connecting  waterways  about  9  ft.  to  13  ft. 

The  project  of  improvement  now  being  cai-ried  out  contemplates 
channel  depths  of  about  21  ft.  for  mean  lake  stage,  but  as  yet  only 
about  18  ft.  has  been  secured.  The  qiiestion  to  be  settled  is,  what  is 
the  depth  which  can  be  economically  given  these  channels  such  that 
ships  able  to  safely  weather  the  lake  storms  may  be  passed  at  all 
times,  and  that  the  fixed  charges  for  maintenance  and  interest  on 
cost  shall  not  exceed  the  benefits  to  be  derived  from  the  reduction  in 
rates  of  transportation  and  from  developing  new  industries  and  com- 
merce? 

During  the  heavy  storms  which  are  of  frequent  occurrence  in  the 
fall  of  the  year  on  the  Lakes,  large  freighters  drawing  less  than  17  ft. 
Avhen  loaded,  have  not  been  found  well  adapted  for  safe  navigation, 
which  fixes  the  minimum  limit  of  depth  of  channels  at  about  20  ft. 

For  greater  depth  of  channels  than  20  ft.  the  advisability  of  im- 
provement will  depend  upon  whether  the  benefits  to  be  derived  will 
be  equivalent  to  the  fixed  charges  arising  from  maintenance  and  cost 
of  construction. 

At  the  head  of  Lake  Erie,  throiigh  Lake  St.  Clair,  and  at  the  foot 
of  Lake  Huron  and  Lake  Superior  there  are  extensive  flats  where  the 
water  is  only  about  21  ft.  deep  at  average  stage,  and  if  the  connecting 
channels  should  be  made  a  greater  depth,  nearly  60  miles  of  the  route 
through  the  rivers  and  lakes  would  be  excavated  channel. 

The  cost  to  the  Government  to  deepen  the  lake  channels  for  depths 
of  over  21  ft.  will  be  aboiit  $3  000  000  jDer  foot,  and  to  improve  the 
lake  harbors  and  entrances  correspondingly  will  cost  about  $4  000  000 
l)er  foot,  or  a  total  of  .f  7  000  000  for  each  additional  foot  of  depth  in  har- 
bors and  waterways.  Assuming  that  the  Government  pays  3%  for  the 
money  expended  on  improvements  and  one-half  of  1 V  for  maintenance, 
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tlie  auuiial  fixed  charges  for  eacli  additional  foot  of  depth  woiihl 
be  approximately  itp245  000. 

The  actual  freight  carried  on  the  Lakes  in  1899  was  not  far  from 
40  000  000  tons,  and  if  the  anniial  fixed  charges  arising  from  making 
and  maintaining  deeper  waterways  should  be  chargeable  to  the  entire 
amount  of  traffic,  the  saving  in  transportation  rates  would  have  to  ex- 
ceed six  mills  per  ton  for  each  foot  of  improvement  to  make  the  accounts 
balance. 

The  actual  saving  in  the  cost  of  transportation  on  the  Lakes  by 
using  deeper  draft  vessels  is  only  about  one-half  the  above  estimated 
fixed  charges,  and  therefore  the  improvement  would  be  advisable  only 
on  the  supposition  that  the  indirect  benefits  from  developing  new  in- 
dustries and  new  commerce  will  be  of  greater  value  to  the  country  than 
the  total  decrease  in  the  cost  of  transportation.  This  could  hardly 
hold  true  as  the  decrease  in  rates  would  be  permanent,  while  the  effect 
of  the  improvement  in  developing  new  commerce  would  likely  be  of 
only  a  few  years'  duration. 

It  is  true  that  the  fixed  charges  arising  from  interest  on  the  cost  of 
waterway  improvements  and  from  exj)ense  for  operation  and  main- 
tenance are  paid  by  the  Government,  but  whether  paid  from  Govern- 
ment revenues  or  from  toll  on  traffic  the  net  result  is  the  same,  and 
should  be  considered  m  the  comparison  of  transportation  rates,  espe- 
cially with  those  on  railroads  where  such  exjienses  are  paid  directly 
from  the  earnings. 

If  we  take  into  consideration  the  fact  that  ships  of  more  than  500  ft. 
length  cannot  be  safely  handled  in  the  sharp  curves  of  the  connecting 
waterways  of  the  Lakes,  that  with  a  draft  of  18  to  19  ft. ,  ships  not  ex- 
ceeding such  length  can  safely  navigate  the  Lakes  at  all  seasons,  and 
that  for  greater  dej^ths  of  channels  than  21  ft.  the  interest  and  main- 
tenance account  will  exceed  any  expected  returns  from  lower  trans- 
portation rates,  there  seems  to  be  no  legitimate  reason  why  the 
ultimate  depth  for  lake  waterways  should  not  be  definitely  settled  at 
once. 

While  it  is  true  that  the  small  freighters  of  the  Lakes  must  go  out 
of  business  and  make  way  for  the  more  economical  type  carrier,  it  is 
also  true  that  a  continual  change  of  dimensions  of  waterways  renders 
the  smaller  shijDs  practically  obsolete  long  before  worn  out,  and  since 
the  rate  at  which  freight  can  be  carried   depends  upon  the  j^robable 
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useful  life  of  the  ships,  continual  changes  in  the  type  of  freight 
carriers  will  materially  increase  the  cost  of  transportation. 

If  the  freight  business  on  the  Lakes  can  be  conducted  as  economic- 
ally with  waterways  21  ft.  deep  as  with  channels  of  greater  depth,  the 
waterway  from  the  Lakes  to  the  Atlantic  should  not  exceed  such  depth 
unless  it  can  be  shown  that  the  benefits  to  be  derived  from  through 
transportation  between  the  Lakes  and  foreign  ports  in  deep  draft  ships 
will  be  of  sufficient  importance  to  warrant  the  larger  expenditure  re- 
quired to  construct  a  canal  of  corresi^onding  dimensions. 

Tables  Nos.  1  and  2  give  the  details  of  the  length  of  channels  of 
different  dimensions,  the  amount  of  lockage,  and  the  estimated  cost  of 
waterways  21  ft.  and  30  ft.  deej)  from  Bufi'alo  to  New  York  via  the 
Oswego-Mohawk  and  St.  Lawrence-Chamijlain  routes,  and  are 
abstracted  from  the  rejjort  of  Board  of  Engineers  on  Deep  Water- 
ways. 

TABLE  No.   1. — BuFFAiiO  to  New  York. 


*0sweg0-m0hawk 
Route. 

Champlain 

High  level 
plan. 

Low  level 
plan. 

Route. 

Total  distance,  miles 

477.04 
574.5 

742.6 
170.6 

476.94 
574.5 

705.6 
133.6 

685.21 

Fall,  regulated  stage  of  Lake  Erie  to  mean  tide,  feet. . 
Down  lockage,  feet 

574.5 
547.2 

Up            "             '•    

0.0 

Total   lockage,      "    

913.2 
39 

102.56 

■■26!38' 
12.37 
2. 59 
13.90 
8.99 
39.15 
277.10 

839.3 

37 

1 

102.42 

■■26;38' 
12.37 
2.59 
13.90 
8.99 
37.65 
278.64 

547.2 

Number  of  locks 

19 

"        '•    guard  locks 

2 

Standard  canal,  miles 

Canalized  river — 

200  to   250  ft.  bottom  width,  miles 

102.35 
1.51 

250  to   300  ••                 -^                 "     

300  to    350  "                  "                  "     

38.97 

350  to    400  "                  "                  "     

400  to    450  "                  "                  "     

8.08 

450  to    500  "                  "                  "     

11.59 

500  to  1  000  "                  "                  "     

73.65 

449.06 

Total Miles 

477.04 

476.94 

685.21 

*  Note:  In  the  high  level  plan  for  the  Oswego-Mohawk  Route  the  water  supply  is  to  be 
obtained  from  reservoirs  in  the  Black  and  Salmon  River  Valleys,  and  in  the  low  level 
plan  Oneida  Lake  is  to  be  used  as  a  reservoir,  with  a  deep  cut  for  the  waterway  betweeu 
Oneida  Lake  and  the  Mohawk  River. 
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TABLE  No.  2— EsiTMATEi)  Cost  of  Waterways. 

30-Ft.  Channel.        21-Ft.  Channel. 

Lake  Superior  to  Lake  Erie $33  539  869  86  961  818 

Lake  Michigan  to  Lake  Erie 16  226  548  1  466  439 

Lake  Erie  to  Lake  Ontario 73  435  350  42  393  203 

Lake  Ontario  to  New  York — 

Oswego- Moliawk   Route    (Higli 

Level  Plan) 206  253  553  155  324  968 

Oswego-Mobawk     Eoute    (Low 

Level  Plan) 210  309  129  157  003  082 

St.  Lawrence  Champlain  Eoute.  213  123  864  141  027  415 

Duluth  to  New  York — 

Oswego-Mohawk    Route    (Higli 

Level  Plan) 313  228  772  204  679  989 

Oswego-Mobawk    Route     (Low- 
Level  Plan) 317  284  348  206  358  103 

St.  Lawrence-Cbamplain  Route.  320  099  083  190  382  436 

Cbicago  to  New  York — 

Oswego-Mobawk     (Higb    Level 

Plan) 295  915  451  199  184  610 

Oswego-Mobawk     (Low     Level 

Plan) 299  971  027  200  862  724 

St.  Lawrence-Cbamplain  Route.  302  785  762  184  887  057 

The  Conamittee  on  Canals  of  New  York  State,  in  its  report  to  the 
Governor  of  New  York,  estimate  that  a  barge  canal  from  Buffalo  to  the 
Hudson  River,  351  miles  long,  12  ft.  deep,  with  a  cross-section  of  1 200 
sq.  ft.  will  cost  .$58  894  668. 

The  Canadian  government  has  expended  aboiit  $65  000  000  upon 
the  construction  and  maintenance  of  the  St.  Marys,  Niagara  and  St. 
Lawrence  canals,  or  about  $13  per  capita  for  the  entire  poi^ulation  of 
the  country.  This  amount,  however,  does  not  rejDresent  the  cost  to 
constriict  the  canal  system  as  now  completed,  as  nearly  the  entire 
system  on  the  Niagara  and  St.  Lawrence  Rivers  has  been  enlarged  from 
two  to  three  times.  The  canals  are  14  ft.  deep,  wdth  locks  270  ft.  long' 
and  45  ft.  wide,  and  were  intended  to  develop  through  transportation 
between  the  Lakes  and  Montreal. 

The  expectations  relative  to  the  volume  of   traffic  that  would  be 
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develoi^ed  have  not  been  realized,  and  it  is  extremely  imi^robable  that 
the  small  type  of  steamer  which  can  j^ass  the  locks  will  be  able  to  com- 
pete with  the  large  lake  freight  carriers,  even  when  handicapped  with 
■excessive  transfer  charges  at  Bnifalo. 

It  will  be  noted  that  the  length  of  standard  canal  is  practically  the 
same  by  the  Mohawk  or  Champlain  routes,  and  that  the  208  miles 
greater  distance  by  the  latter  route  is  mostly  through  the  wide  channel 
of  the  Lakes  and  rivers. 

The  Champlain  route  is  a  down-grade  waterway  from  the  Lakes  to 
the  seaboard,  and  has  366  ft.  less  lockage  than  the  Mohawk  high  level 
route,  and  for  a  21-ft.  channel  will  cost  $14  300  000  less  than  the  latter. 

It  is  fair  to  assiime  that  in  a  21-ft.  waterway  with  an  area  of  cross- 
section  practically  the  same  as  the  St.  Clair  Flats  Canal,  the  si^eed  of 
ships  in  straight  reaches  will  be  fully  as  great  as  that  of  the  larger  lake 
freighters  in  the  St.  Clair  Canal.  Making  the  necessary  reductions  for 
slower  speed  on  curves  and  in  passing  shij^s  e»yo»i'e,  and  for  detentions 
at  locks,  it  is  found  that  a  freighter  capable  of  steaming  12.5  miles  per 
hour  in  the  open  lake  should  make  the  round  trip  between  Chicago  and 
New  York  in  11  days  and  8  hours  vid  the  Mohawk  Route,  and  in  12 
days  and  9  hours  via  the  Chamislain  route. 

The  navigation  season  on  the  Mohawk  route  will  average  about  245 
days  and  for  the  Champlain  route  230  days,  and  if  the  detention  at 
New  York  is  not  more  than  twice  the  time  required  at  Buffalo,  a  lake 
steamer  should  make  16  round  trips  per  season  between  Chicago 
and  New  York  xva  the  Mohawk  route  and  fourteen  by  the  Champlain 
route.  The  average  sailing  time  between  Chicago  and  Buflfalo  for 
steamers  capable  of  running  12.5  miles  per  hour  in  the  open  lake  is 
about  72  hours,  and  the  estimated  time  for  the  same  type  of  steamers 
between  Buffalo  and  New  York  based  on  the  actual  performance  of 
freighters  in  similar  restricted  channels  of  the  lake  waterways  is  64 
hours. 

This  estimate  is  based  on  a  21-ft.  waterway  having  a  cross-section 
of  5  500  sq.  ft.  area  or  about  six  times  the  midship  section  of  ship, 
which  ratio  will  allow  safe  speeds  of  8  to  10  miles  per  hour  with  the 
same  consumption  of  fuel  required  in  open  water. 

In  the  previous  discussion*  the  Ship  Canal  is  assumed  to  be  24  ft. 
deep,  with  a  section  of  4  200  sq.  ft.,  and  that  ships  having  midship 
*  Transactions,  Vol.  xxxix. 
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><ec'tious  of  1  000  sq.  ft.  would  average  about  4  miles  per  hour,  not 
iuehicling  detentions  at  locks  and  terminals. 

In  the  case  of  the  barge  canal  the  proposed  cross-section  is  1  200 
sq.  ft.  or  four  times  that  of  the  barge,  a  ratio  which  will  not  admit  of 
average  speeds  of  over  4  miles  per  hour  with  ordinary  barge  fleets. 

From  these  elements  it  was  estimated  that  steamers  in  the  ship  canal, 
and  barge  fleets  in  the  barge  canal,  will  only  average  ten  round  trips 
l>er  season  between  Buffalo  and  New  York,  whereas  with  suitable 
dimensions  for  the  waterway  and  proper  dispatch  in  loading  and  dis- 
charging ships  at  terminals  at  least  14  to  16  round  trij^s  may  be  made 
between  Chicago  and  New  York,  or  aboiit  three  times  the  annual 
volume  of  business  estimated  in  the  1898  discussion  for  steamers  on 
the  ship  canal  from  Buffalo  to  New  York. 

The  expense  account  of  lake  and  ocean  freighters  is  so  much 
greater  than  that  for  canal  barges  that  an  accurate  estimate  of  i^racti- 
cal  speed  in  canals  and  of  detentions  at  terminals  is  essential  in  mak- 
ing any  comparison  of  rates  at  which  freight  can  be  carried  on  the  two 
types  of  waterways. 

In  the  report  of  the  Committee  on  Canals  of  New  York  State,  it  is 
estimated  that  a  ton  of  freight  can  be  transjiorted  from  Buffalo  to  New 
Y'ork  on  barges  for  26  cents,  but  in  obtaining  such  a  result  the  Com- 
mittee omits  from  the  expense  account  the  items  for  interest  on  cost 
of  construction,  annual  expenses  for  repairs  and  maintenance,  and 
profit  for  the  shipowner. 

The  interest  and  insurance  exj^enses  are  based  on  a  valuation  of 
$28  500  for  a  fleet  of  one  steamer  and  three  barges,  yet  in  a  foot-note 
on  page  19  of  the  report  it  is  shown  that  if  constructed  of  steel  the 
fleet  would  cost  §70  000. 

With  the  increase  in  the  cost  of  lumber  which  is  sure  to  occur  in 
the  near  future,  the  cost  of  barges  constructed  of  wood  will  approx- 
imate that  of  steel;  but  even  if  this  shoiild  not  be  the  case,  it  is  pro- 
bable that  the  greater  cost  of  towing  wooden  barges  would  make  the 
steel  barge  more  economical  for  transportation  at  the  values  given. 

At  the  Brussels  International  Congress  on  Navigation  in  1898,  Captain 
C.  V.  Suppan,  Chief  of  the  Steam  Navigation  Service  on  the  Danube, 
gave  the  result  of  some  experiments  in  towing  steel  and  wooden  barges 
of  similar  models  on  the  Danube,  from  which  it  appears  that  the 
power  required  for  the  wooden  barges  was  nearly  twice  that  requ  ired 
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for  the  steel  barges,  and  that  the  cost  for  towing  per  ton-mile  for  the 
wooden  barge  was  aboiit  double  that  for  the  steel. 

If  these  results  are  correct,  the  wooden  barge  will  not  be  economical, 
even  at  a  lower  value  than  that  given  in  rej^ort. 

Correcting  the  estimate  on  page  64  of  the  Report  of  the  Committee 

on  Canals  for  omissions  and  for  change  in  values,  the  expense  account 
for  barge  fleet,  with  a  total  annual  traffic  on  canal  of  15  000  000  tons, 
will  be  as  follows: 

TABLE  No.  3. — Expense  Account  Baege  Fleets. 

.  Wages  and  subsistence $4.  000 

Fuel,  oil,  waste,  etc 3  300 

Ordinary  repairs 800 

Insurance  on  fleet,  4i   i^er  cent 3  150 

Insurance  on  cargo 3  900 

Miscellaneous  exjienses 200 

Interest  on  investment,  5  per  cent   3  5U0 

Deterioration,  etc. ,  5  pev  cent 3  500 

Fixed  charges  for  maintenance,   repairs  and  interest 

on  cost  of  canal  (3  per  cent. ) 8  8U0 

Shore  expenses  and  commissions 1  000 

Profit  to  ship-owner 1  500 

Total  for  52  000  tons ^33  150 

Cost  of  transportation  per  ton  between  Buffalo  and 

New  York 0.64 

Bate  on  lake,  Chicago  to  Buiialo 0 .  50 

Transfer  at  Buffalo 0.25 

Total  rate  per  ton,  Chicago  to  New  York $1 .39 

"    bushel,    "                  "          0.042 


The  rate  per  ton  for  both  the  barge  and  the  ship  canal  (Tables  Nos. 
3  and  4)  will  vary  from  these  estimates  with  any  variation  of  the  volume 
of  traffic  from  that  used.  West-bound  freight,  which  has  been  estimated 
at  one-third  of  the  eastward  movement  and  at  the  same  rate  per  ton, 
■would,  under  normal  conditions,  command  a  higher  rate  than  the  east- 
bound  freight,  but  with  the  volume  of  westward  traffic  only  sufficient  for 
one-third  cargoes  for  the  ships  in  the  service,  competition  would  likely 
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TABLE  No.  4. — Dimensions,  Capacity  and  Expenses  of  a  Steamship 
Adapted  foe  the  Tkaffio  of  a  21-Ft.  Watekway,  and  CAPABiiE  of 
KuNNXNG  12.5  Miles  pek  Hour  in  the  Open  Lake. 

Length  over  all 480  ft. 

Breadth 52  " 

Draft 19  " 

Horse-power,  I.    H.  P 2  200 

Coal  consumed  per  hoiir,  lbs 3  850 

Net  carrying  capacity,  tons 8  600 

Cost  of  shijj  for  lake  and  canal  business  only )B360  000 

Cost  of  ship  adajiled  for  ocean  and  lake  business 387  000 

Pay-roll  and  subsistence,  per  day 60 

Fuel,  oil  and  waste,  per  day,  wlien  running 117 

Fuel,  oil  and  waste,  per  day,  in  port 30 

Insurance 4:^% 

Eeijairs  and  depreciation 5% 

Expenses  for  season  of  245  days: 

Wages  and  subsistence $14  700 

Puel,  oil,  waste,  etc , 23  400 

Insurance  on  ship 16  200 

Insurance  on  cargo 22  900 

Miscellaneous  exj^enses 1  000 

Interest  on  investment,  5  per  cent 18  000 

Deterioration,  etc. ,  5  per  cent 18  000 

Fixed  charges  for  maintenance  of  canal,  repairs  and 

interest  on  cost  (3  per  cent. ) 73  400 

Shore  expenses  and  commissions 2  000 

Profit  to  ship  owner 10  000 

Total  for  183  470  tons $199  600 

Rate  per  ton,  Chicago  to  New  York $1 .09 

Bate  per  bushel,  Chicago  to  New  York 0 .  033 


force  the  rate  fully  as  low  as  for  east-bound  traffic.  The  interest  on 
the  cost  of  the  canal  during  construction  would  also  increase  the 
amount  of  fixed  charges  above  those  used  in  the  estimates  and 
correspondingly  increase  the  rate  per  ton. 
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These  variations  will  have  relatively  the  same  effect  on  the  rates  for 
both  the  barge  and  ship  canal,  and  therefore  would  not  materially 
change  the  comparative  valite  of  the  two  types  of  waterways. 

The  items  from  Tables  Nos.  3  and  4,  for  wages,  subsistence,  fuel 
and  miscellaneous  expenses,  amount  to  between  one-fourth  and  one- 
fifth  of  the  respective  total  expense  accounts,  showing  that  the  actual 
cost  of  moving  a  ton  of  freight  from  Chicago  to  New  York  will  be  less 
than  one-fourth  of  the  rate  necessary  to  transact  the  business,  and 
therefore  any  material  rediiction  in  transportation  rates  can  only  be 
obtained  by  constructing  waterways  on  which  quick  trips  can  be 
made  and  all  unnecessar3'  transfer  and  terminal  charges  eliminated. 

The  comi)arative  transpoi'tation  rates  given  in  Major  Symons* 
report  differ  from  the  present  estimate  for  the  reason  that  the  latter 
includes  fixed  charges  for  maintenance  and  interest,  and  is  based  upon 
speeds  in  the  restricted  portions  of  the  waterway  which  have  been 
demonstrated  to  be  safe  and  jiractical  in  the  connecting  channels  of 
the  Lakes,  and  u]3on  dispatch  at  terminal  ports  similar  to  that  now 
obtained  at  Lake  harbors. 

The  average  time  in  jjort  for  freighters  running  between  Duluth 
and  Buffalo  is  about  three  days  per  round  trip,  but  to  make  allowance 
for  the  different  conditions  in  New  York  Harbor  iowr  days  per  round 
trip  have  been  used  in  the  present  estimate. 

It  is  also  assumed  that  if  the  volume  of  traffic  on  the  barge  canal 
should  amount  to  15  000  000  tons  annually,  a  ship  canal  of  dimensions 
suitable  to  allow  the  lake  tonnage  free  passage  to  the  seaboard  would 
develop  at  least  20  000  000  tons  per  year. 

The  record  of  the  transportation  rates  and  volume  of  traffic  on 
canal  and  railroads  between  Buffalo  and  New  York  indicate  that  any 
waterway  which  does  not  admit  of  steamers  passing  direct  between 
lake  ports  and  the  seaboard  is  not  likely  to  prove  a  successful 
competitor  of  the  railroads. 

The  freight  carried  on  the  Erie  Canal: 

In  1837  was 667  151  tons. 

In  1850    "   1635  089 

In  1860    "  2  253  533 

In  1870   "  3  083  132 

In  1880    "   4  608  651 

In  1890    "   3  303  929 

In  1899    "   2  414  084 
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Since  1880,  whou  the  traffic  on  the  Erie  Canal  reached  a  maximum, 
the  rate  pei  ton-mile  on  the  railroads  from  the  Lakes  to  the  seaboard 
has  been  nearly  double  that  ou  the  Erie  Canal,  yet  dui-ing  that  time 
the  business  of  the  canal  has  diminished  one-half,  while  that  on  the 
railroad  has  nearly  trebled,  showing  beyond  question  that  the  volume 
of  freight  which  will  be  shipped  by  any  given  route  does  not  depend 
entii'ely  upon  the  relative  transportation  Tates,  and  that  unless  the 
causes  which  have  produced  the  decline  of  traffic  on  the  Erie  Canal 
are  eliminated  in  the  construction  of  new  waterways  no  better  results 
need  be  expected. 

Two  of  the  principal  benefits  to  be  exjjected  from  the  construction 
of  a  waterway  of  proper  dimensions  between  the  Lakes  and  the  Atlantic, 
are  the  development  of  ship-building  industries  at  lake  ports,  and  to 
make  it  jjossible  for  individual  ship  owners  to  do  business  in  com- 
petition with  combinations,  neither  of  which  could  be  realized  from  the 
construction  of  a  12-ft.  barge  canal. 

The  only  possible  way  in  which  the  traffic  of  a  barge  canal  requir- 
ing transfer  of  freight  at  Buffalo  can  be  increased  over  that  of  the 
present  Erie  Canal,  will  be  by  organizing  large  transjDortation  com- 
panies to  operate  fleets  of  barges  in  connection  with  freight  steamers 
on  the  Lakes,  so  that  through  bills  of  lading  can  be  made  from  lake 
ports  to  the  seaboard. 

Such  an  arrangement  would  also  require  the  control  of  sufficient 
elevator  capacity  at  Buffalo  to  take  care  of  the  surplus  grain  which  at 
times  would  be  greatly  in  excess  of  the  carrying  capacity  of  the  barges. 
With  economical  water  transportation  only  possible  for  organiza- 
tions controlling  large  amounts  of  capital,  it  is  by  no  means  im- 
probable that  the  canal  and  railroad  companies  would  combine  to 
maintain  rates,  and  thereby  destroy  about  the  only  benefit  to  be 
expected  from  a  canal  of  such  dimensions. 

In  a  waterway  having  dimensions  to  correspond  with  the  depth  of 
the  water  routes  connected,  individual  ship  owners  would  have  equal 
opportunities  with  the  large  organizations  and  jiractically  make  the 
control  of  freight  rates  impossible. 

Such  a  waterway  would  also  make  it  possible  to  increase  largely 
the  steel  and  shipbuilding  industries  of  the  country,  and  probably  be 
of  great  assistance  in  restoring  the  Merchant  Marine  of  the  United 
States  in  foreign  trade. 
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It  is  of  interest  to  note  tliat  the  distance  from  Buffalo  to  New  York 
by  railroad  is  440  miles,  by  Barge  Canal  496  miles,  and  by  sliij)  canal 
via  Lake  Ontario  and  the  Mohawk  Eiver  is  477  miles,  making  the 
barge  route  19  miles  longer  than  the  ship  canal,  with  about  three 
times  greater  amount  of  canal  section  through  which  boats  will  have 
to  move  at  minimum  speed. 

Referring  to  the  estimated  cost  of  21  and  30-ft.  waterways  from  the 
Lakes  to  the  seaboard  it  will  be  noted  that  the  latter  will  cost  about 
$100  000  000  more  than  the  former,  not  including  the  cost  of  improv- 
ing terminal  harbors.  The  difference  in  expense  for  operation,  main- 
tenance and  repairs  will  be  about  $550  000  per  year,  making  the  fixed 
charges  for  a  30-ft.  waterway,  including  the  improvement  and  main- 
tenance of  lake  harbors,  nearly  $5  000  000  greater  than  for  one  of  21- 
It.  depth. 

It  has  been  shown  that  taking  the  cost  of  improvements  into  con- 
sideration the  commerce  of  the  Lakes  can  be  transported  more  econom- 
ically with  channels  of  21-ft.  depth  than  with  deeper  ones,  and 
therefore  whatever  advantages  are  to  be  derived  from  a  30-ft.  water- 
way from  the  Lakes  to  the  Atlantic  must  come  from  developing  new 
industries  and  commerce  by  direct  trade  between  the  Lakes  and  foreign 
ports. 

With  a  traffic  of  20  000  000  tons  annually  in  such  a  waterway  it  is 
not  probable  that  more  than  6  000  000  tons  would  be  foreign  com- 
merce, and  if  carried  in  deep-draft  vessels  the  14  000  000  tons  for 
domestic  consumption  woiild  have  to  be  discharged  at  New  York  for 
use  in  the  city,  or  for  reshipping  to  other  ports  on  the  Atlantic  Coast. 
This  would  necessitate  two-thirds  of  the  shijis  trading  direct  between 
the  lake  ports  and  New  York,  or  sailing  for  Europe  with  light  loads. 

With  a  21-ft.  waterway  the  ships  adapted  to  the  service  could  dis- 
charge domestic  commerce  at  New  York  or  at  any  other  port  on  the 
coast  to  which  consigned,  but  would  probably  transfer  all  foreign 
freight  to  ocean  steamers  at  New  York,  except  on  the  last  trips  before 
the  close  of  lake  navigation,  when  it  might  be  found  advantageous  to 
load  for  through  passage  to  Europe. 

Taking  into  consideration  the  annual  expenses  for  interest  and 
maintenance  of  the  two  waterways,  the  cost  of  transportation  for 
domestic  traffic  will  be  6  cents  per  ton  greater  for  a  30-ft.  waterway 
than  for  one  21-ft.  deep,  from  which  it  would  appear  that  any  benefits 
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to  be  derived  from  canals  of  greater  depths  than  necessary  for  econom- 
ical transportation  on  the  Lakes  must  result  from  direct  foreign  trade 
between  the  lake  ports  and  Europe. 

If  the  difference  of  the  annual  fixed  charges  for  the  two  depths  of 
waterway  between  Buffalo  and  New  York  be  charged  to  the  probable 
voli;me  of  foreign  traffic,  the  transi^ortation  rate  will  be  about  20  cents 
per  ton  greater  with  a  30-ft.  waterway  than  with  a  21-ft.  canal. 

The  amount  of  transfers  at  New  York  for  the  combined  domestic 
and  foreign  traffic  would  be  fully  as  great  when  transported  in  deep- 
draft  ships  as  when  carried  in  steamers  adapted  for  safe  navigation  of 
the  lake  waterways,  and  therefore  the  benefits  to  be  expected  for  the 
deeper  waterway  must  be  wholly  of  an  indirect  nature. 

Since  the  interests  of  the  steel  and  ship-building  industries  would 
be  equally  well  subserved  by  either  waterway,  it  is  difficult  to  conceive 
of  conditions  which  would  warrant  the  large  expenditure  necessary  to 
construct  a  waterway  of  greater  dimension  than  required  for  safe  and 
economical  navigation  on  the  Lakes. 

Almost  any  transportation  rate  may  be  deduced  for  the  routes  of 
different  depths,  by  varying  the  assumed  speed  in  the  restricted  chan- 
nels and  the  time  lost  by  detentions  at  terminal  ports.  If,  however, 
the  dimensions  of  channels  be  such  as  to  allow  economical  speeds  for 
the  type  of  vessel  adapted  to  their  use,  there  need  be  no  trouble  in 
establishing  these  elements  of  the  problem  within  reasonable  limits, 
as  the  average  speed  at  which  canal  barges  can  be  towed  is  jjretty  well 
known,  and  the  safe  speeds  of  steam  ships  in  the  restricted  waterways 
of  the  Great  Lakes  and  in  the  Ship  Canals  of  Europe  furnish  data 
from  which  the  ratio  of  cross-section  of  channel  to  that  of  ship  may  be 
determined,  which  will  give  a  minimum  rate  of  transportation. 

Conclusions. 

1.  A  waterway  from  the  Great  Lakes  to  the  Atlantic  to  produce  the 
best  results  should  have  dimensions  which  will  permit  the  passage,  at 
economical  speeds,  of  ships  best  adapted  for  the  traffic  of  the  water 
routes  connected. 

2.  Safe  navigation  of  the  Great  Lakes  requires  a  minimum  depth 
for  the  connecting  channels  of  at  least  20  ft.  and  for  depths  of  over  21 
ft.  the  interest  on  the  cost  of  construction  will  exceed  the  decrease  in 
transportation  rates  due  to  the  use  of  deeper  draft  freight  carriers. 
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3.  With  any  waterway  requiring  tlie  transfer  of  freight  at  Buffalo, 
indeijendent  canal  boats  cannot  compete  with  existing  lake  and  railroad 
lines,  and  unless  the  waterway  is  operated  by  rich  transportation  com- 
panies controlling  lines  of  lake  steamers  and  canal  barges,  the  business 
developed  will  probably  not  exceed  that  of  the  present  Erie  Canal. 

4.  The  decline  of  traific  on  the  Erie  Canal  since  1880,  and  the 
failure  of  the  14-ft.  Canadian  canals  to  divert  commerce  from  the  lake 
and  railroad  lines,  indicate  that  a  waterway  of  less  depth  than  required 
for  the  passage  of  the  best  type  of  lake  freighters  can  not  materially 
modify  the  transportation  rates  over  existing  routes. 

5.  The  indirect  benefits  to  commerce  to  be  derived  from  a  21 -ft. 
waterway  will  be  nearly  as  great  as  can  be  expected  with  greater  depth 
of  channel. 
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Subjects  foe  Discussion: 

(1)  "  What  Considerations  Should  Limit  the  Height  of  Buildings?" 

(2)  "  Do  Recent  Developments  in  Construction,  Sanitation,  Inter- 

communication and   Economy  of  Administration,  warrant 
the  Removal  of  all  Restrictions?" 


By  Messrs.  W.  E.  Rlley,  Oscae  J.  Kirby,  H.  de  B.  Paesons,  R.  J.  Gif- 
FOED  Read,  J.  F.  Wallace,  R.  W.  Hunt,  Maueice  M.  Sloan. 


W.  E.  RiLEY,t  M.  Inst.  C.  E. — The  views  of  lower  New  York  were  Mr.  Riley, 
hardly  recognized  by  the  speaker,  to  whom  that  jjart  of  the  city 
was  quite  familiar  twelve  years  ago.  The  geograj^hical  situation  had 
always  appeared  to  him  to  be  a  great  difficulty;  the  narrow  tongue 
of  land  between  the  broad  East  and  Hudson  Rivers,  with  the  Harlem 
River  on  the  north,  completely  hampers  extension.  The  inventive 
mind  of  the  American  was  driven  to  some  expedient,  and  the  evolution 
of  the  high  buildings  was  the  result.  The  speaker  desired,  however, 
not  to  comment  too  much  on  American  practice,  but  to  describe  Euro- 
pean j)rocedure. 

This  question  had  been  ap^jroached  from  different  standpoints.  In 
the  American  tall  building  it  is  apprehended  that  the  steel  columns  are 

*  The  discussion  of  this  subject,  for  which  no  formal  paper  was  presented,  is  con- 
tinued from  the  August  number  of  Proceedings  in  order  that  the  views  expressed  may 
be  brought  before  all  members  of  the  Society  for  further  discussion. 

t  Superintending  Architect  of  the  London  County  Council. 
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Mr.  Riley,  the  only  portions  of  the  structure  which  are  carried  to  the  foundations- 
thej  provide  for  the  great  resultant  force  of  the  building  by  carrying 
each  story  independently  of  the  one  above  or  below  it.  In  the  Building 
Acts  in  operation  in  London,  Paris,  Berlin  and  Vienna,  it  is  laid  down 
that  the  enclosing  walls  shall  carry  the  structure,  and,  in  the  London 
Act  of  1894,  enclosing  external  walls  are  to  be  of  the  full  thickness 
sisecified  in  the  various  schedules  for  at  least  half  of  their  area. 

The  heights  are  also  strictly  limited  in  each  of  the  cities  named. 
In  London,  a  building  (not  being  a  church  or  a  chapel)  must  not  be 
erected  or  subsequently  increased  to  a  greater  height  than  80  ft. 
(exclusive  of  two  stories  in  the  roof  and  of  ornamental  towers,  turrets, 
or  other  architectural  features  or  decorations),  and,  in  a  street  laid  out 
after  August  7th,  1862,  of  less  width  than  50  ft.,  no  new  building  shall 
be  erected  so  that  the  height  shall  exceed  the  distance  of  the  external 
Avail  from  the  opposite  side  of  the  street,  without  the  consent  of  the 
London  County  Council.  If  the  new  street  is  over  50  ft.  in  width,  the 
height  may  be  carried  to  80  ft.,  as  if  the  building  were  in  an  old  street; 
but  if  the  street  is,  say,  49  ft.  wide,  the  buildings  upon  it  cannot  exceed 
that  height.  The  license  allowed  after  50  ft.  width  of  street  has  been 
obtained  may  appear  a  little  anomaloiis,  but  there  is  a  very  important 
further  limit  to  height  by  providing  for  space  in  rear,  and  a  governing 
angle. 

The  whole  of  the  j^lot  abutting  on  a  new  street,  since  1894,  must 
have  a  space  of  not  less  than  10  ft.  unbuilt  upon,  and  from  the  extreme 
boundary  a  line  of  2  to  1  (or  63.5°)  must  be  drawn,  and  no  projections 
above  that  line  must  be  erected  except  turrets,  dormers  and  chimney 
stacks,  and  they  must  aggregate  to  limited  portions  of  the  width  of  the 
back  frontage. 

Some  of  the  high  buildings  in  New  York  must  have  very  great 
cubical  contents,  but,  under  the  London  Building  Act,  the  capacity  is 
limited,  i.  e.,  buildings  for  trade  purposes  of  a  larger  cubical  extent 
than  250  000  cu.  ft.  and  not  exceeding  450  000  cu.  ft.  must  not  go 
beyond  60  ft.  in  height.  That,  again,  is  a  very  notable  restriction. 
The  greater  ciibical  contents  can  only  be  considered  on  the  ground 
that  a  particular  trade  renders  it  absolutely  necessary  for  the  oj)era- 
tions  of  that  trade. 

Houses  for  the  working  classes  cannot  be  erected  to  a  height 
exceeding  the  distance  of  the  front,  or  nearest  external  wall  of  a 
building,  from  the  opposite  side  of  any  street,  unless  the  working- 
class  dwelling  is  20  ft.  from  the  center  of  the  street.  In  Vienna, 
the  height  of  dwelling  houses  to  the  top  of  the  cornice  must  generally 
not  exceed  82  ft.,  and  the  floor  of  the  highest  story  must  not  be  more 
than  66  ft.  In  Paris,  the  heights  of  buildings  are  determined  by  the 
width  of  the  street  upon  which  they  abut,  the  height  being  measured 
from  the  pavement  perpendicularly  up  the  face  of  the  wall,  including- 
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all  constructiou  and    ornameutation,   and  must  not  exceed  40  ft.   for  Mr.  Riley, 
public  M'ays  less  than  26  ft.  wide;  50  ft.  for  public  ways  26  to  32^  ft. 
wide;  60  ft.  for  public  ways  32^  to  60  ft.  wide,  and  a  maximum  of  66- 
ft.  height  for  public  ways  of  66  ft.  and  over.     No  building  must  exceed 
seven  stories  above  the  ground  floor. 

During  a  congress  at  the  Paris  Exhibition  which  the  si^eaker 
attended  he  noted  that  one  of  the  Continental  sjjeakers  drew  some 
vei-y  forcible  illustrations  as  to  the  height  permitted  for  buildings  in 
London,  but  the  horror  with  which  he  spoke  of  buildings  22  stories 
in  height,  which  are  j)ermitted  in  New  York  City,  was  quite  inde- 
scribable. These  are  very  decided  comments  on  tlie  proposition 
before  us,  viz.:  "What  considerations  should  limit  the  height  of 
buildings  ?"  These  are  the  European  views,  which,  as  a  rule,  are 
not  hampered  by  the  geographical  conditions  which  obtain  in  lower 
New  York  City,  but  the  implied  criticisms  are  clear  where  expansion 
is  more  practicable,  as  in  other  American  cities.  The  conditions  in 
London  are  such  that  it  is  very  undesirable  to  permit  a  greater  height 
than  80  ft.  The  width  of  the  old  streets  is  small,  there  are  compara- 
tively few  buildings  built  of  incombustible  materials,  and  the  difficulty 
of  attacking  and  controlling  a  fire  in  a  narrow  street  with  a  limited 
bead  of  water  needs  no  demonstration. 

The  limited  sunshine  in  London  should  be  regarded  as  a  factor  in 
considering  the  heights  of  buildings  in  relation  to  its  open  spaces. 
Moreover,  neighboring  properties,  which  surely  have  vested  interests 
in  the  light  and  air,  should  be  duly  considered.  Lastly,  the  monu- 
mental character  of  some  of  the  buildings  in  Euroj^ean  cities,  together 
with  their  association  with  the  past  history  of  their  respective  coun- 
tries, would  suffer  more  deplorably  than  they  do  even  now  if  there  were 
less  consideration  for  the  limitation  of  height.  It  apjaears  clear,  there- 
fore, that  it  would  be  little  short  of  a  revolution  in  European  cities  to 
allow  much  further  latitude  in  this  respect. 

The  newest  Building  Code  of  New  York  City,  which  came  into 
operation  in  October  last,  is  an  interesting  document.  In  its  provis- 
ions it  is  noticed  that  any  hotel,  lodging  house,  school,  theater,  jail, 
police  station,  hosi^ital,  asylum,  institution  for  the  care  or  treatment 
of  persons,  which  exceeds  35  ft.  in  height,  shall  be  built  fire-proof, 
and  every  other  building  which  exceeds  75  ft.  shall  be  similarly  con- 
structed. , 

In  a  recent  book  *  on  fire-proof  construction  there  are  recorded 
some  very  interesting  experiences  on  the  behavior  of  high  buildings  in 
cases  of  fire.  Illustrations  are  given  of  the  Home  Life  Building, 
which  the  speaker  did  not  remember  to  have  seen,  as  it  was  probably 
erected  since  his  last  visit  to  New  York.  It  is  192  ft.  high,  and  was 
intended  to  be  fire-proof,  as  all  such  high  structures  should  be.     A 

*  "  How  to  Build  Fire-proof,"  by  Francis  C.  Moore,  New  York,  1899. 


1008  DISCUSSION   ON   HEIGHT   OF   BUILDINGS.  [Papers. 

Mr.  Riley,  building  of  5  stories  adjoining  it  took  fire  and  biirnt  out  every  floor 
of  the  Home  Life  Building  above  its  own  height.  The  disaster  ap- 
pears to  have  resulted  through  a  shallow  court  20  ft.  wide,  used  for 
lighting  the  higher  building,  drawing  up  the  flames  and  communi- 
cating them  from  one  window  to  another  in  the  progress  of  the  fire  in 
the  higher  building.  The  court  acted  like  a  purposely  constructed 
chimney  in  its  destructive  effect,  though  how  a  reputed  fire-proof 
building  burnt  so  freely  and  fiercely  is  not  so  apparent. 

A  court  of  this  character  could  not  be  built  in  a  new  building  in 
London.  The  limit  of  height  of  the  parapet  above  the  sill  of  any  such 
window,  if  used  for  a  habitable  room,  is  twice  the  root  of  area  of  the 
court,  and,  in  case  of  a  room  used  as  an  ofiice,  would  be  limited  to 
the  general  height  permissible  under  the  act,  but  in  no  case  exceeding 
80  ft. 

The  destruction  of  the  Windsor  Hotel  made  a  great  impression  in 
this  country.  It  was  substantially  built,  and  it  was  stated  in  some 
pajaers  to  have  been  fire-resisting,  though  that  statement  is  inaccurate, 
as  it  was  elicited  that  the  floors  were  of  oj^en  wood  joists;  some  of  the 
partitions  were  formed  with  "  quarters  "  and  the  internal  finishings 
were  wainscoting.  Such  a  building  would  hardly  be  classed  as  fire- 
resisting  here;  at  any  rate,  it  burnt  with  such  furious  rapidity  that  it 
was  practically  gutted  within  an  hour  and  a  half.  There  is  no  doubt 
that  every  such  building  should  be  as  iTuinflammable  as  modern 
science  can  make  it.  The  responsibility  of  dealing  with  life  and  proj)- 
erty  in  such  a  structure  is  a  burden  no  public  oflScial  should  be  called 
upon  to  undertake.  In  sjaite  of  the  most  heroic  effoi'ts,  and  an  expert 
corps  of  fearless  and  brave  men,  many  lives  were  lost  and  the  projD- 
erty  totally  destroyed.  In  the  case  of  the  Home  Life  Building  the 
water  pressure  was  108  ft.,  but  that  failed  to  save  the  building  up  to 
that  height. 

The  means  of  escape  in  case  of  fire  are  constantly  engaging  atten- 
tion in  London,  and,  at  the  present  time,  further  powers  in  regard  to 
the  provisions  of  the  Factory  Act  are  now  being  sought  from  Parlia- 
ment. 

With  the  foregoing  examples  on  record  he  would  be  a  bold  man 
who  would  recommend  any  serious  increase  in  the  height  of  buildings 
in  London. 

The  next  question  for  discussion  is,  "Do  recent  developments  in 
construction,  sanitation,  intercommunication  and  economy  of  admin- 
istration warrant  the  removal  of  all  restrictions?" 

Modern  construction  has  materially  improved  the  conditions  and 
lessened  the  risks  of  escape  in  case  of  fire,  but  construction  has  little 
beneficial  effect  upon  provisions  which  deal  with  width  of  streets, 
proximity  to  other  buildings,  and  the  open  spaces  about  buildings. 
It  needs  little  demonstration  to  show  that  restrictions  of  height  of 
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buildings  secure  the  essentials  of  light  and  air  which  are  required  for  Mr.  Riiey. 
proper  sanitation,  intercommunication  and  economy  of  administra- 
tion. There  is  no  doubt  that  the  ingenuity  of  American  engineers 
has  made  the  tall  building  work  with  a  facility  which  could  hardly 
have  been  thought  jDracticable  a  few  years  back.  The  Produce  Ex- 
change is  remembered  as  the  highest  building  in  New  York  fifteen 
years  ago,  and  in  London  would  still  be  considered  as  a  very  tall  build- 
ing, although  it  is  now  overshadowed.  Expansion  in  London  is  inevi- 
table, and  efforts  must  be  made  to  improve  the  communication  with 
outlying  areas.  The  solution  appears  to  be  looked  for  in  building  in 
the  suburbs  where  the  inhabitants  can  enjoy  fresh  air,  and  simultane- 
ously provide  rapid  and  reliable  means  of  transport  to  the  central 
points.  There  is  no  apparent  demand  for  inci'easing  the  height  of 
buildings,  and  none  for  the  removal  of  all  restrictions;  here  it  would 
be  a  calamity  to  adopt  any  such  legislation. 

It  is  difficult  to  approach  these  questions  of  com^jarison  without 
being  dogmatic,  especially  when  convictions  are  strong,  but  the  few 
remarks  submitted  will,  it  is  hoped,  be  accepted  in  another  sjiirit. 
The  subject  is  one  of  great  interest,  and  the  developments  have  been 
carefully  watched.  Many  experts  in  New  York  City  are  bitterly  op- 
posed to  high  buildings,  and  they  freely  condemn  the  result  of  recent 
years'  work  as  a  hideous  disflgurement  of  the  city.  These  views  find 
many  supporters  here,  but  perhaps  a  better  acquaintance  with  the 
conditions  which  made  the  problem  might  soften  the  criticisms. 

American  engineers  and  architects  are  hampered  by  no  insurmoixnt- 
able  traditions.  When  a  city  railway  was  a  necessity  it  was  not  put 
in  an  "  undergroimd  "  tunnel,  as  in  London,  but  erected  on  stilts,  and 
it  answers  its  imrpose  very  well.  When  a  luxurious  ship  was  wanted 
for  the  Fall  River  traflSc,  the  Pilgrim  (probably  out  of  date  by  this 
time)  was  evolved.  Her  beam  engines  and  other  features  appeared 
antiquated  twelve  years  ago,  but  a  closer  acquaintance  with  the  con- 
ditions revealed  that  the  type  adopted  had  much  to  recommend 
it.  The  systematic  method  of  American  thinkers  has  been  to  first 
grasp  the  difficulties  to  be  overcome,  and  then  attempt  to  solve  the 
problem  in  the  most  practical  and  common-sense  way,  unbiased  by 
prejudices.  If  the  tall  building  is  not  all  that  can  be  desired,  it  is 
another  effort  to  solve  a  difficulty,  and  as  experience  is  gained  it  may 
ultimately  lead  to  some  satisfactory  result,  but  it  is  not  a  suitable 
form  of  structure  for  this  jjart  of  the  world. 

OscAK  J.  KiRBY,  Esq.  * — In  high  buildings  of  six  and  seven  stories  Mr.  Kirby. 
the  speaker  used  corrugated  steel  doors  with  asbestos  sheeting  on  either 
side,  so  as  to  cut  off  entirely  one  room  from  another,  the  grooves  or 
corrugations  being  filled  with  ground  clinker  to  give  solidity  to  the 
doors.  Bolts  or  rivets  keep  the  faces  of  the  doors  compactly  in  posi- 
*  Engineer  and  Surveyor  to  the  Batley  Corporation. 
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Mr.  Kirby.  tion,  the  bolts  being  so  arranged,  where  necessary,  that  they  can  be 
covered  over  with  moulded  asbestos  to  give  the  faces  of  the  doors  the 
appearance  of  wrought  woodwork. 

These  doors,  unlike  the  composite  fire-proof  tin-covered  wooden 
doors,  do  not  warj)  in  a  fire  and  break  loose  from  the  hinges  or 
fastenings. 
Mr.  Parsons.  H.  DE  B.  Paksons,  M.  Am.  Soc.  C.  E. — Designing  a  tall  building 
is  a  much  more  diflBcult  problem  than  one  would  ordinarily  conceive. 
"Fire-proof,"  "  cage  "  and  "skeleton"  construction  are  three  terms 
frequently  used  in  connection  with  these  buildings,  which  it  would  be 
well  to  define.  Uy  "  skeleton  "  construction  is  meant  that  the  out- 
side walls  of  the  building  are  self-sustaining,  that  is,  they  are  carried 
up  from  the  foundations  as  permanent  walls.  The  interior  of  the 
building  is  supported  upon  a  skeleton  construction  of  steel  or  iron. 
By  "cage"  construction  is  meant  that  the  building  is  suijjiorted 
in  toto  by  the  metal  framework.  The  outside  walls  are  mere  curtain 
walls,  and  are  supported  themselves  by  the  metal  construction. 
Good  examples  of  this  construction  have  been  shown  by  Mr.  Purdy. 
The  w^ord  "  fire-proof  "  is  used  in  a  generic  sense.  It  is  impossible 
to  conceive  of  any  building  which  is  intended  to  be  inhabited  and  to 
contain  the  conveniences  which  the  man  of  today  demands,  that  could 
be  built  so  as  to  be  uninjiired  by  fire.  Fig.  1,  Plate  XXXVII,  is  a  pict- 
ure taken  from  the  twentieth  story  of  the  American  Surety  Building, 
No.  100  Broadway,  New  York  City,  looking  south,  and  gives  a  good 
impression  of  the  height  to  which  these  structures  tower.  Wall  Street, 
although  only  about  150  ft.  distant  from  the  building,  is  lost  in  the 
foreground.  The  Empire  Building,  No.  71  Broadway,  which  has  been 
mentioned  in  this  discussion,  can  be  seen  on  the  right  in  the  picture. 
The  low  building  shown  on  the  left  is  that  of  the  Union  Trust  Com- 
pany, and  was  once  considered  tall,  but  it  is  now  very  much  over- 
shadowed by  the  next  building  beyond,  namely,  the  Manhattan  Life. 
The  Bowling  Green  Building  is  seen  in  the  distance  and  the  Bay 
beyond.  Looking  down  into  the  street  below,  one  cannot  refrain  from 
imagining  the  difficulties  which  are  encountered  in  the  protection  of 
these  tall  structures  against  the  ravages  of  fire.  Of  all  the  elements 
■which  are  tending  to  destroy  these  buildings,  probably  there  is  none 
so  potent  as  fire.  It  will  be  interesting  to  show  a  few  examples,  pick- 
ing out  the  worst  cases  rather  than  the  best,  in  order  to  bring  out  the 
subject  in  the  strongest  light.  In  the  first  place,  these  buildings 
should  only  be  constructed  in  the  most  fire-proof  manner.  It  would 
not  be  good  practice  to  build  them  according  to  the  ordinary  methods 
of  construction,  such  methods  as  were  mentioned  in  connection  with 
the  Windsor  Hotel.  Fig.  1,  Plate  XXXVIII,  represents  the  Windsor 
Hotel,  New^  York  City,  which  was  destroyed  by  fire  on  March  17th, 
1899.     The  hotel,  of  which  this  picture  only  shows  a  part  of  the  front. 
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was  200  ft.  in  leugth  and  was  bnilt  in  the  form  of  a  shallow  [J,  the  Mr.  Parsons. 

wings  of  whifh  wore  180  ft.  in  (lei^tli.     In  the  rear  of  the  hotel  there 

was  a  court.       The  weakness  of    the  building  to  resist  fire  was  the 

design  and  the  method  of  construction.     At  the  center  of  the  building 

and  on  the  roof  was  located  a  large  water  tank.     Through  some  error 

in  the  design,  or  through  some  change  of  plan,  it  is  said  that  ftart  of 

the  building  was  sujiported  from  the  roof  by  tie  rods,  the  tie  rods 

being  carried  by  girders.     The  tire  originated  in  the  basement  and 

spread  with  fearful  rapidity  throughout  the  building.     It  was  known 

in  New  York  as  a  dangerous  building,  owing  to  the  wide  corridors 

which  ran  from  end  to  end  on  every  floor,  without  any  fire  division 

walls  whatever.     This  jiicture  shows  the  building  a  few  moments  after 

the  arrival  of  the  engines.     The  fire  was  in  the  corridors  behind  the 

front  rooms. 

A  few  moments  afterward,  probably  not  more  than  two  or  three 
minutes,  the  photograph.  Fig.  2,  Plate  XXXVIII,  was  taken.  A 
tongue  of  flame  had  burned  away  the  flag,  and  the  building  began 
to  tumble  in  a  central  vertical  section.  The  break  occurred  so  quickly 
that  the  firemen  had  hardly  time  to  get  out  of  the  way. 

Almost  immediately  after  the  last  i^icture,  the  conditions  were  as 
rei^resented  in  Fig.  3,  Plate  XXXVIII.  The  tank  had  dropped  from 
the  top  to  the  bottom,  and  that  condition  of  affairs  existed  35  minutes 
after  the  fire-alarm  was  given.  Within  a  few  moments  afterward  fire 
burst  from  almost  every  window  simultaneoiisly.  Fig.  4,  Plate 
XXXVIII,  represents  the  condition  about  45  minutes  after  the  alarm 
Avas  sounded,  and  was  taken  just  previous  to  the  fall  of  the  wall.  It  was 
only  5  or  10  minutes  after  the  south  wall  fell,  that  the  north  wall  gave 
way  and  the  hotel  was  completely  ruined. 

Many  imagine  that  buildings  constructed  of  iron,  steel,  cement, 
glass,  slate,  and  tiles  are  fire-proof  and  indestructible,  but  such  is  not 
the  case.  In  the  Washburn  &  Moen  Comi)any's  Quinsigamon  Mill, 
which  was  built  on  the  "  cage  "  construction  plan,  the  walls  were 
merely  curtain  walls.  The  window  frames  and  sashes  were  all  iron 
a,nd  steel,  and  the  only  wood  used  was  in  the  floors  and  roof.  The 
floors  were  built  on  the  slow-burning  princiiile.  The  structure  was  not 
overloaded  at  the  time.  It  was  a  building  used  for  the  manufacture 
of  steel  springs,  which  are  not  in  themselves  combustible,  and  the 
reason  the  fire  spread  so  rapidly  was  probably  due  to  the  fact  that  in 
one  part  of  the  building  there  was  an  oil-tempering  room,  and  the 
vapors  from  the  oil  baths  had  condensed  on  the  under  side  of  the 
floors.*  The  columns  yielded  within  from  15  to  25  minutes  after  the 
fire  started.  Experiments  which  were  made  by  the  Committee  on 
Fire-Proofing  Tests  agreed  very  closely  with  the  facts  recorded  in  this 

*  Part  of  the  ruins  of  this  building  are  shown  on  Plate  X,  Transactions,  Am.  Soc.  C. 
E.,  Vol.  xxxix,  June,  1898. 
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Mr.  Parsons,  fire.  The  plate  to  whicli  reference  is  made  illustrates  very  completely 
the  destruction;  and,  when  viewed  from  the  standpoint  of  insurance, 
can  it  not  be  said  with  truth  that  iron  and  steel  buildings  will  burn? 
Certainly,  the  destruction  was  complete. 

The  danger  from  fire  in  all  large,  tall  buildings  is  greater  from  the 
hazard  without  than  from  any  risk  within.  A  fire,  starting  within  a 
building  which  is  of  fire-proof  construction,  can  be  localized  and  put 
under  control.  But  many  buildings  are  subjected  to  an  external  hazard 
which  is  very  great,  owing  to  the  large  window  areas  and  to  the  fact  that 
there  are  windows  on  every  floor,  so  that  the  fire  may  attack  the  build- 
ing on  all  floors  at  once.  Fig.  2,  Plate  XXXVII,  shows  the  destruc- 
tion of  the  Manhattan  Savings  Institution,  New  York  City,  diiring  the 
winter  of  1895  and  1896.  It  was  at  that  time  a  modern  building,  and 
was  well  constructed  so  far  as  the  materials  were  concerned.  A  build- 
ing at  the  opposite  side  of  the  street  caught  fire;  and  the  heat  broke 
the  glass  of  the  windows,  and  was  sufficient  to  warm  the  under-side  of 
the  girders  which  were  exposed.  They  yielded;  some,  expanding, 
pushed  out  the  walls,  dropping  the  floor  beams,  and  the  building  was 
a  total  wi-eck.  Nothing  was  saved  except  some  of  the  structure  on  the 
first  or  ground  floor,  and  none  of  the  fittings  were  in  a  condition  to  be 
used  again. 

On  May  3d,  1897,  there  was  afire  in  Pittsburg,  Pa. ,  which  originated 
in  an  old  building  containing  a  great  mass  of  combustible  material. 
Owing  to  the  wind,  it  spread  rajoidly  to  a  number  of  small  buildings 
of  similar  construction,  and  attacked  three  modern  buildings  of  the 
fire-proof  kind.  Keference  may  be  made  to  the  paper  *  by  Corydon 
T.  Purdy,  M.  Am.  Soc.  C.  E.,  describing  this  fire.  Fig.  2,  Plate  III,  of 
that  paper,  shows  part  of  the  first  floor  of  the  Joseph  Home  Dry  Goods 
Store.  It  was  a  modern  building,  well  constructed  and  well  built,  but 
in  its  construction  there  was  in  many  jjoints  a  total  disregard  of  any 
fire  hazard.  The  fire-proofing  material  stood  well,  and  no  fault  could 
be  found  with  it.  The  debris  in  the  corner  was  caused  by  faulty  de- 
sign. On  the  roof  there  was  a  5  000-gall.  water  tank,  which  was  sup- 
ported by  unprotected  iron  girders  and  beams.  Iron  and  steel,  as 
shown  in  the  Washburn  Mill,  will  not  stand  unless  protected.  The 
result  was  that  the  tank  fell  from  the  roof  to  the  basement.  The 
damage  done  to  the  structure  by  the  falling  pieces  was  probably 
greater  than  the  damage  done  by  the  fire.  The  well,  which  extended 
up  through  the  building  to  give  certain  architectural  effects  and  to  let 
light  to  the  lower  floor,  proved  to  be  very  hazardous.  The  fire  was 
drawn  up  by  the  current  of  air  and  carried  to  the  other  floors  as  though 
the  well  were  a  flue. 

Another  view  on  the  same  floor  of  the  same  building  is  shown  in 
Fig.  1,  Plate   IV,  of  Mr.  Purdy's   paper,  and  illustrates  in  a  better 

*  Transactions^  Am.  Soc.  C.  E.,  Vol.  xxxix,  p.  121. 
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manuor  the  effect  of  the  fire-proofiug.  All  ornamentation  is  gone,  but  'Sh:  Parsons, 
the  fire-proof  blocks  were  well  preserved.  Again  referring  to  Mr. 
Purdy's  paper,  Fig.  1,  Plate  III,  and  Figs.  1  and  2,  Plate  V,  show  the 
exterior  of  the  buildings  after  the  fire.  The  damage  in  the  Home 
Office  Building  was  very  much  less  than  in  the  Dry  Goods  Building, 
and  was  due  to  a  better  arrangement  of  fire-proof  partitions.  The  lo- 
cation seems  to  be  unfortunate,  as  the  Dry  Goods  Store  was  rebuilt 
and  has  been  burned  a  second  time. 

Mr.  W.  E.  Riley  has  mentioned  the  Home  Life  Building,  in  New 
York  City,  as  having  been  attacked  by  fire.  Fig.  1,  Plate  XXXIX, 
shows  this  building  before  the  fire.  It  is  16  stories  high,  192  ft.  to  the 
roof,  and  242  ft.  to  the  top  of  the  tower.  The  low  building  at  the 
right  was  of  ordinary  construction,  occupied  as  a  clothing  hoiise,  and 
caught  fire.  The  tall  building  next  to  the  Home  Life  Building  is  the 
Postal  Telegraph  Building.  The  wind  was  blov/ing  at  hurricane  force, 
unfortunately,  from  the  northeast,  so  that  it  blew  against  the  side  of 
the  Home  Life  Building,  which  contained  a  court  or  light  well.  The 
flames  were  drawn  into  the  well,  which  acted  as  a  chimney,  and,  as  all 
the  windows  were  unjirotected  by  shutters,  the  fire  entered  simultane- 
ously every  floor  of  the  building  above  the  9th. 

Fig.  2,  Plate  XXXIX,  shows  the  building  after  the  fire,  and  also  the 
well  or  court  just  referred  to.  Of  course,  the  small  corner  building 
was  comiiletely  ruined.  The  destruction  of  the  facade  was  complete 
from  the  9th  floor  upward.  Below  that  level,  the  building  was  practi- 
cally intact  and  was  used  again  by  the  tenants  within  a  very  short  time 
after  the  fire.  The  contents  of  the  7th  and  8th  floors  were  badly 
damaged  by  water.  The  elevators  and  the  staircase  were  located  next 
to  the  light  well,  so  that  the  flames  on  entering  the  building  had  free 
access  to  every  floor. 

Fig.  1,  Plate  XL,  is  typical  of  any  room  in  the  Home  Life  Building, 
above  the  9th  floor,  after  the  fire.  The  fire-proofing  stood  the  test  and 
was  foimd  to  be  in  such  good  condition,  that  most  of  it  was  used  over 
again  without  any  expense.  The  partition  Avails  had  large  transom 
windows  which  were  unprotected,  and  were  fitted  with  ordinary  glass 
set  in  wooden  sashes.  When  the  fire  entered  a  room,  it  simply  broke 
the  glass  and  j^assed  on  to  the  next.  Had  these  partitions  been  of  a 
fire-stop  character,  all  damage  would  probably  have  been  confined  to 
the  rooms  next  to  the  building  which  originally  caught  fire. 

Fig.  2,  Plate  XL,  shows  a  wire-lathe  and  plaster  partition  which 
had  been  built  on  the  wooden  floor.  The  floor  was  laid  on  wooden 
sleepers,  leaving  an  air  space  between  the  fire-proof  arches  and  the 
wooden  floormg.  If  this  building  had  been  constructed,  as  was  origi- 
nally intended,  and  as  all  such  buildings  should  be,  by  filling  this  air 
space  with  ashes  or  concrete,  and  by  resting  all  partitions  directly  on 
the  arches,  the  probabilities  are  that  the  fire  would  not  have  damaged 
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Mr.  Parsons,  the  partitions.  As  it  was,  wbeu  the  wooden  floor  had  been  burned 
away,  the  partitions  had  no  support  and  simply  dropjjed. 

The  greatest  damage  to  the  steel  frame- work  is  shown  in  Fig.  3, 
Plate  XL,  which  represents  a  view  of  the  front  room  on  the  16th  floor. 
The  large  girder  had  its  lower  chord  well  protected,  but  the  upper 
chord  projected  above  the  floor  level.  This  girder  was  covered  with  a 
flooring,  raised  in  a  sort  of  step  toward  the  front  wall.  The  wooden 
floor  soon  burned  away,  leaving  the  upper  chord  entirely  exposed.  It 
became  red  hot  and  buckled,  as  shown.  The  photograph  does  not 
illustrate  vei-y  well  the  damage  to  the  facade  and  window  trim,  owing 
to  the  strong  light.  The  missing  tire-prooflng  blocks  were  removed 
from  the  column  after  the  fire  for  the  purpose  of  inspection,  and  this 
column,  as  well  as  all  the  others,  was  found  to  be  in  good  condition. 
The  blocks  seen  on  the  floor  were  knocked  off  by  the  flremen  and  by 
the  City  Building  JJepartment,  and  were  not  displaced  by  the  fire 
itself.  The  heat  in  this  room  was  very  great,  and,  as  can  be  seen,  no 
plaster  remained  on  the  walls. 

The  marble  front  of  the  building,  from  the  9th  story  upward,  was 
taken  down  and  rebuilt.  The  Postal  Telegraph  Building  was  injured 
on  the  upper  story  by  fire  and  only  damaged  liy  water  on  the  floors 
below. 

As  a  fire-stop,  these  tall  buildings  certainly  acted  marvelously 
well.  It  would  be  frightful  to  contemplate  what  might  have  hapjjened 
during  that  gale  of  wind  had  these  buildings  not  been  there;  but,  of 
course,  tall  buildings  are  not  intended  as  fire-stops. 

In  case  of  fire,  any  door  or  window  opening  is  dangerous.  The  way 
to  stop  a  fire  from  spreading  is  to  confine  it  to  the  place  where  it  orig- 
inated. If  circumstances  necessitate  a  large  floor  area,  then  make  such 
area  a  fire-proof  floor  and  ceiling,  cutting  off  all  communication  with 
the  rest  of  the  building.  If  possible,  put  the  staircase  in  a  tower-like 
structure  on  the  outside,  and  give  access  to  each  floor  by  a  bridge. 
Make  all  communication  from  one  floor  to  another  pass  across  the 
bridge,  up  or  down  the  stairs,  and  back  over  another  bridge  to  the  next 
floor.  It  is  best  to  subdivide  large  areas  by  fire-walls  or  by  fire-proof 
partitions  and  have  as  few  openings  as  possible.  It  is  an  imjjossibility 
not  to  have  doors  and  windows  in  tall  buildings,  but  such  openings 
create  a  hazard.  When  the  divisional  walls  are  cut  in  numerous  places, 
it  is  hard  to  conceive  of  a  fire-proof  building  which  could  not  be 
injured  by  fire.  The  danger  from  without  is  iisually  far  greater  than 
that  from  within. 

In  the  United  States,  many  prefer  the  "slow-burning"  construc- 
tion, and  a  wooden  biiilding  made  on  this  principle  will  outlast  an 
ordinary  steel  building,  imless  the  steel  building  is  put  up  in  the  most 
approved  manner  with  the  members  covered  with  the  best  fire-proof- 
ing, but  this  construction  is  not  suitable  for  very  high  buildings.    The 
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"  slow-burning  "  method  simply  consists  in  nsiuf>' large  pieces  of  timber  Mr.  Parsons. 

for  posts  and  girders,  so  that  the  fire  can  char  to  a  depth  of  2  ins.  or 

more  without  impairing  the  strength  necessary  to  supj^ort  the  loads, 

and  constructing  the  building  so  as  to  leave  no  air  spaces.     It  takes  a 

long  time  for  fire  to  char  a  large  stick  to  that  depth,  and  by  that  time 

the  fire  department  can  come  to  the  rescue. 

The  lower  floors  of  the  Home  Life  Building  were  uninjured, 
because  they  were  protected  by  the  brick  wall  of  the  adjacent  building 
which  fii-st  caught  fire.  There  is  nothing  better  than  an  ordinary  brick 
and  cement  wall,  and  such  a  wall  protected  the  Home  Life  Building. 
The  flames  had  to  jjass  over  its  top,  and  then  had  an  upward  tendency 
from  the  draught  of  the  well  and  elevator  shaft,  and  the  first  windows 
which  really  got  the  attack  of  fire  were  on  the  level  of  the  9th  floor. 
The  9th  floor  practically  marks  the  limit  of  protection  from  the  Fire 
Department  in  the  street. 

Tall  buildings  are  now  constructed  with  stand-pii^es,  which  are 
large  pipes  6  or  7  ins.  in  diameter,  extending  from  the  street  level  to 
the  roof.  At  each  floor  there  are  arrangements  whereby  the  fire  hose 
of  the  building  can  be  connected  to  the  stand-pipe,  and  the  City  Fire 
Department  engines  connect  with  the  bottom  of  the  stand-pipe.  The 
engines  pump  water  into  the  stand-jjipe  and  the  firemen  use  the  hose 
which  is  on  each  floor.  In  that  way  they  save  much  valuable  time  as 
they  do  not  have  to  carry  up  their  own  hose  to  great  heights.  In  some 
tall  buildings  the  elevators  or  lifts  are  in  commission  night  and  day 
for  the  purpose  of  fire  protection,  and  in  case  of  alarm  the  elevator  is 
immediately  sent  to  the  lower  floor  to  be  ready  to  carry  the  hose  or  the 
firemen  to  the  proper  point. 

The  fire-door  which  has  generally  been  found  the  most  serviceable 
in  the  United  States  is  that  known  as  the  Underwriter's  door.  It  is 
simply  a  wooden  door  sheathed  with  tin.  The  door  is  often  strength- 
ened by  being  made  of  double  plank  laid  diagonally.  The  coating  is 
of  ordinary  tin  well  lapped.  These  doors  will  stand  an  enormous 
amount  of  heat  before  they  fail.  They  are  carried  on  a  traveler  over- 
head. The  traveller  is  on  an  incline,  and  during  working  hours  the 
doors  are  held  back  by  a  cord,  a  wire  or  a  chain,  in  which  there  is  a 
fusible  link.  The  link  operates  the  same  as  the  sprinkler;  at  a  certain 
temperature,  which  is  quite  low,  it  melts,  and  the  door  closes  auto- 
matically. Many  forms  of  patented  fire  doors  have  been  used,  but 
none  with  such  universal  success  as  the  Underwriter's  door. 

E.  J.  GiFFOED  Bead,  Assoc.  M.  Inst.  C.  E.. — Some  wonderful  Mr.  Read, 
examples  of  the  disastrous  effects  of  fire  on  ironwork  have  been  shown 
at  this  meeting,  and  attention  specially  called  to  the  efficient  pro- 
tection which  the  fireproofing  afforded.  The  speaker  would  be  glad 
to  know  what  material  the  fire-jjroofing  was  made  of,  whether  it  was 
of  the  nature  of  plaster,  terra- cotta  or  brick. 
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Mr.  Reatl.        He  thought  the  views  showed  in  a  very  clear  and  impressive  man- 
ner the  effects  of  fire  on  these  high  buildings. 

With  regard  to  the  case  where  the  fire  originated  in  the  eighth  story 
and  si3read  upward  through  the  elevator  shaft,  he  would  like  to  ask 
how  the  people  who  were  above  escaped,  and  if,  in  tall  building  con- 
struction generally,  there  was  any  other  method  provided  for  escape 
than  by  the  elevators. 

In  certain  high  buildings  in  London  on  which  he  had  been 
engaged,  provision  for  escape  was  made  by  outside  balconies  and 
staircases,  or  by  oiitside  galleries  connecting  one  building  with  the 
next,  or  by  escape  ladders  to  the  neighboring  roofs,  but  these  would 
scarcely  apply  in  the  very  high  American  buildings. 
Mr.  Wallace.  JoHN  F.  WAiiLACE,  President,  Am.  Soc.  C.  E. — The  cost  of  high  build- 
ings in  Chicago  has  varied  from  about  30  to  40  cents  per  cubic  foot, 
and  the  rental  for  office  room  above  the  ground  floor  has  varied  from 
$2  to  ^2.50  per  square  foot  per  annum.  Of  course,  this  cost  of  con- 
struction and  rental  received  varies  largely  between  buildings  differ- 
ently located.  The  rental  generally  includes  janitor's  service,  elevator 
service,  and  sometimes  heat  and  sometimes  light.  These  figures  may 
have  been  modified  in  the  last  two  or  three  years. 

High  buildings  had,  not  their  origin,  but  their  highest  development 
in  Chicago,  and  they  were  not  constructed  in  order  to  get  something 
larger  than  existed  anywhere  else  in  the  country,  as  some  people  might 
have  an  idea,  but  from  the  circumstance  that  the  business  portion  of 
Chicago  is  confined  to  a  very  small  area.  The  Chicago  River  comes  in 
from  Lake  Michigan  for  a  short  distance  and  then  branches  in  a  north- 
westerly and  southwesterly  direction,  forming  a  Y-  Iii  the  district 
south  of  the  river,  and  between  the  river  and  the  lake,  what  is  known 
as  the  south  side,  the  principal  business  of  Chicago  is  carried  on.  The 
railway  stations  all  have  their  termini  within  a  comparatively  small 
area,  and  the  wholesale  as  well  as  all  the  retail  houses  are  located  in 
this  district.  The  price  of  land  per  square  foot,  therefore,  became  very 
high  on  account  of  the  congested  business,  and  it  was  impossible  for 
land  owners  to  obtain  for  low  buildings  a  rental  which  gave  a  reason- 
able return.  In  order  to  overcome  this,  and  in  order  to  receive  an  ade- 
quate return  upon  the  assessed  and  market  value  of  the  land,  they 
were  forced  to  construct  high  buildings.  In  New  York  and  other  large 
cities  of  the  same  character  it  has  not  been  a  question  of  architectural 
beauty,  nor  a  question  of  sanitation,  but  simply  a  business  and  com- 
mercial necessity.  Therefore  it  may  be  interesting  to  our  English 
brethren  to  have  some  idea  of  what  those  buildings  cost  and  what 
rental  they  return.  This  would  seem  to  be  the  key-note  of  the  whole 
question. 

In  order  that  our  English  brethren  may  understand  the  situation 
in  America  it  may  be  desirable  to  say  that  all  American  engineers  do  not 
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favor  tbo  contiuiiation  of  the  construction  of  high  buildings,  even  in  Mr.  Wallace. 
large  cities,  and  are  very  much  divided  in  opinion  on  that  su.l)ject. 

Answering  Mr.  R.  J.  Giflford  Eead's  questions;  In  the  first  case  this 
tire-proofing  is  generally  terra-cotta  work.  In  the  cage  construction, 
in  between  the  floor  beams  the  floor  is  constructed  of  a  series  of  terra- 
cotta blocks  which  are  made  with  inclined  joints  and  so  formed  that 
they  make  a  flat  arch.  In  order  to  make  the  blocks  light  they  are  made 
hollow;  hollow  tiling  or  terra-cotta  work  is  also  built  around  and  envel- 
ops the  columns,  and  in  some  cases  it  is  joined  by  cement  or  is  keyed 
around  the  columns.  In  the  later  constructions  the  fire- proofing  is  very 
carefully  put  around  all  the  iron  and  the  steel  columns.  Steel  floor 
beams  are  not  now  looked  upon  as  a  fire-proof  material.  They  simply 
furnish  the  ribs  or  the  skeleton,  as  it  might  be  called,  on  which  the  fire- 
proof construction  is  placed.  At  an  earlier  date  concrete  was  used  for 
these  floors,  and  thin  strips  of  wood  were  placed  in  it  and  the  wooden 
floors  nailed  to  these  strips.  In  the  later  construction  the  floors  are 
made  of  concrete  on  the  top  of  this  fire-proof  terra-cotta  work,  and 
then  small  stones  are  put  down  in  mosaic  work  and  are  then  smoothed 
over.  This  makes  the  fire-proof  floor,  so  that  now,  in  a  great  many 
buildings,  there  is  no  wood  except  simply  the  doors  and  the  window 
cases. 

With  reference  to  flre-escapes,  in  all  American  cities  where  high 
buildings  are  used,  a  certain  number  of  fire  escapes  are  now  obligatory 
by  city  ordinances,  and  they  are  required  to  be  constructed  on  the  out- 
side of  the  buildings,  generally  in  connection  with  balconies  and  at 
the  ends  of  the  halls,  and  the  number  placed  is  in  projoortion  to  the 
size  of  the  building.  They  are  inspected  periodically  by  the  city 
authorities.  The  fire-proofing  of  buildings  has  received  of  late  years 
serious  consideration.  When  these  buildings  were  first  constructed  it 
was  supposed  that  the  iron  and  steel  work  was  fire-proof  and  would 
not  yield  so  readily  to  the  heat.  The  chai'acter  of  the  occupancy  of 
the  buildings  has  a  great  deal  to  do  with  them.  They  are  well 
adapted  to  ofiice  buildings  in  the  congested  i^ortions  of  the  city, 
but  they  are  not  adapted  to  retail  business  or  dry  good  stores,  or  to 
any  business  where  the  contents  are  highly  inflammable,  except  where 
they  are  constructed  with  fire  walls  and  fire  partitions  and  with  isol- 
ated rooms.  In  Pittsburg,  Pa.,  in  a  hotel  of  recent  fire-proof  construc- 
tion a  fire  occurred  in  a  suite  of  rooms,  and  two  rooms  with  their  fui'ni- 
ture  were  entirely  destroyed  and  burnt  out.  The  occupant  of  the 
adjoining  room  did  not  know  there  was  a  tire  until  informed  of  it 
the  next  morning.  That  was  due  to  the  careful  design  of  the  building 
in  reference  to  fire  walls,  terra-cotta  work  and  the  use  of  cement, 
concrete  and  mosaic  floors,  and  the  absence  of  transoms  over  the 
doors. 

Mr,  Parsons  can  give  us  some  information  regarding  fire  doors,  but 
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Mr.  Wallace,  the  speaker  can  answer  ■with  regard  to  some  warehouses  in  the  City  of 
New  Orleans,  which  have  been  constructed  tinder  his  immediate  con- 
trol. One  warehouse  was  1  200  it.  long  and  100  ft.  wide,  for  the  storage 
of  cotton,  cotton-seed  oil,  and  prodiicts  of  that  kind,  which  are  highly 
inflammable.  That  building  was  constructed  with  brick  foundations 
up  to  the  level  of  the  floor  and  then  filled  in  with  earth  upon  which  a 
concrete  floor  was  constructed,  dividing  it  up  into  sections.  Very 
narrow  openings  were  left  between  the  difi'erent  sections,  and  were 
protected  from  each  other  by  what  you  might  call  twin  doors,  with  an 
air  space  between  them.  It  is  not  permitted  to  pile  any  material  within 
a  certain  distance  of  these  doors. 
Mr.  Hunt.  RoBEET  W.  HuNT,  M.  Am.  Soc.  C.  E. — Oflfice  rents  vary  in  the  dif- 
ferent buildings  and  cities.  The  location  controls  the  price  just  as  it 
does  under  other  circumstances.  The  speaker,  ever  since  he  has  been 
in  Chicago,  has  had  offices  in  one  of  the  first  fire-proof  high  buildings 
built  in  that  city.  From  the  historical  fact  that  the  ground  on  which  this 
building  now  stands  was  formerly  occupied  by  such  rattle-trap  affairs 
that  it  was  known,  the  city  over,  as  the  "  Kookery,"  it  was  called 
"  The  Rookery  "  by  the  capitalists  who  secured  the  land  from  the  city 
on  a  ground  rent  of  99  years.  It  is  a  building  which  will  compare 
very  favorably  with  any  in  the  United  States,  although  it  was  one  of 
the  first  high  office  buildings.  It  is  recognized  from  its  location,  history 
and  associations  as  probably  the  most  desirable  building  in  Chicago,  and 
as  it  can  only  hold  a  certain  number  of  people,  tenants  have  to  iiay  quite 
the  high  figure  named  by  Mr.  Wallace,  which  is  probably  the  highest 
rent  charged  by  any  of  the  buildings  in  the  city.  There  are  3  200 
people  in  the  building.  Its  cost  was  about  f  1  800  000,  and  from  its 
inception  to  the  present  time  it  has  never  paid  its  owners  less  than  12% 
on  their  investment,  Avhich  makes  it  rather  a  23rofitable  one  for  them. 
There  are  ten  passenger  elevators  and  one  freight  elevator,  and  the 
check  which  has  been  kept  upon  the  number  of  jseople  riding  in  them 
at  difi'erent  times  shows  that  as  many  as  22  000  and  23  000  jser  day 
have  been  carried.  Of  course,  that  number  does  not  represent  difi'erent 
individuals,  but  the  number  of  passengers  carried.  Every  one  living 
above  the  first  story  probably  takes  four  rides  a  day,  in  addition  to 
which  there  are  business  visits  between  the  offices,  and  people  coming 
to  see  the  occupants. 

"The  Rookery  "  is  a  town  within  itself.  It  has  in  the  basement  its 
own  power  plant,  its  own  pumps,  its  own  heating  arrangements,  its 
own  electrical  service.  It  has  its  own  carpenters,  its  own  painters,  its 
own  plumbers,  and  every  mechanic  necessary  is  employed  in  the  build- 
ing permanently.  They  start  from  the  roof  and  work  down  to  the 
ground  as  regularly  as  the  years  roll  on.  By  the  time  they  reach  the 
ground  itself  or  the  basement,  the  top  of  the  building  is  in  a  condition 
to  need  their  work  once  more,  and  they  repeat  the  process,  so  that  the 
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building,  after  its  12  or  13  yeans  of  life,  is  just  as  good  as  it  was  the  Mr.  Hunt, 
day  it  was  built.     I  am  under  the  impression  that  the  rate  of  rent  my 
firm  pays  for  New  York  offices  in  the  Empire  Building,  at  71  Broadway, 
which  IS  one  of  the  newest  buildings,  is  a  little  higher  than  that  paid 
in  Chicago. 

Maukice   M.    Sloan,   Esq.    (by  letter). — The   public   good,  or  the  Mr.  Sloan, 
common   welfare   of  the  community,  is   the  only  consideration  that 
should  regulate  the  height  of  buildings,  and  the  law  of  commonweal, 
though  sometimes  slow,  is  ever  present  and  a  governor  of  all  things 
human. 

This  is  undoubtedly  the  legal  aspect  of  the  discussion,  for  it  places 
the  rights  of  the  owner,  on  the  one  hand,  to  build  as  he  chooses,  over 
and  against  the  rights  of  the  people,  on  the  other,  to  restrict  as  they 
deem  advisable. 

The  restrictions  placed  upon  the  height  of  buildings  by  a  com- 
munity should  be  confined  entirely  to  such  as  they  have  a  right  to 
imj^ose.  That  public  prejudice  and  aesthetic  considerations  should 
interfere  with  the  owner's  individual  right  to  build  as  high  as  he 
pleases  is  unreasonable  and  absurd.  Public  prejudice  is  undoubtedly 
a  strong  factor,  but  the  world  would  have  remained  in  an  exceed- 
ingly primitive  state  if  it  had  always  obeyed  the  admonitions  of  this 
fickle  and  somewhat  unreasonable  goddess,  while  sestheticism,  with 
its  principles  and  doctrines,  so  often  results  in  mere  whimsicality  or 
grotesqueness  that  it  cannot  be  taken  as  an  imitable  law,  and  is 
not  worthy  of  consideration  in  so  vital  a  question  as  that  under 
discussion. 

Where  the  height  of  a  building,  however,  affects  the  safety  of 
either  the  individual  or  the  community,  and  jeopardizes  life  and 
health,  or  even  stagnates  commercial  operations  by  congesting  the 
traflic  in  the  street  upon  which  it  is  located,  restrictions  should  be 
fixed,  and  too  much  care  cannot  be  exercised  in  determining  what 
should  be  the  limitation. 

That  a  building  may  be  constructed  to  any  height  with  perfect 
safety  is  a  proposition  generally  acceptefl,  though  many  conjectures 
arise  as  to  the  terrible  havoc  and  loss  of  life  that  would  be  caused 
should  earthquakes  of  great  severity,  or  cyclonic  storms  of  unusual 
violence,  devastate  the  modern  city  of  skyscrapers.  These  conditions 
are,  however,  of  such  a  cataclysmic  nature  as  to  entirely  preclude 
them  from  an  argument  for  or  against  high  buildings. 

From  a  hygienic  point  of  view  there  is  little  doubt  that  tall 
buildings  are  a  menace  to  the  health  and  happiness  of  a  community. 
Sunlight  is  a  natural  disinfectant,  and  should  be  allowed  to  penetrate 
to  every  city  street,  flooding  it  at  least  for  a  few  hours  each  day  with 
its  purifying  rays.  The  fulfillment  of  this  seemingly  unimportant 
condition  is  really  of  vital  moment,  and  can  illy  afi'ord  to  be  neglected 
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Mr.  Sloan  in  a  great  city  teeming  with  a  population  suscejitible  to  decimation 
by  contagious  and  infectious  diseases. 

It  would  almost  seem  that  this  consideration  was  of  sufficient  im- 
portance alone  to  regulate  the  height  of  buildings,  and  would  give  a 
basis  to  work  from,  at  least  in  temi^erate  climates,  that  would  insure 
light  and  airy  streets,  free  from  the  miasma  which  is  so  typical  of  the 
narrow  passageways  between  high  buildings  in  a  city.  Such  a  basis 
of  determination  would  not  only  satisfy  the  exacting  requirements 
of  the  sanitary  engineer,  but  would  in  many  cases  meet  the  demands 
of  the  sesthetician. 

In  considering  the  necessity  for  providing  sunny  and  healthful 
streets,  take  for  example  the  conditions  as  they  exist  in  New  York. 
This  city  is  in  latitude  40°  43'  N.,  and  the  sim's  declination  is  23°  S. 
in  midwinter,  that  is,  on  the  22d  of  December.  The  altitude  of  the 
sun  at  noon  is  found  by  the  formula: 

Alt.  =  903  ^  (Lat.  +  Decl.), 

and  equals  26°  17',  giving  a  zenith  distance  of  63°  43'.  Assuming  a 
building  100  ft.  high,  located  on  a  street  extending  east  and  west  and 
letting  the  width  of  the  street  represent  the  tangent,  and  the  height  of 
the  building  the  radius  of  the  angle  63°  43',  the  width  of  the  street 
necessary  in  order  that  tne  sunlight  may  penetrate  to  the  foot  of  the 
opposite  side  walls  would  be  202  ft.  Such  a  street  would  be  entirely 
too  wide  and  pleasant  for  the  economist  and  utilitarian,  but,  after  all, 
would  it  not  make  a  city  of  .such  healthfulness  and  beauty  as  to  be  the 
envy  of  the  world. 

While  it  is  true  that  the  sunlight  could  never,  at  least  in  winter, 
penetrate  to  the  entire  street,  the  reflected  light  from  the  opposite 
wall  would  be  all  that  was  necessary  to  promote  a  healthful  atmos- 
phere and  light  buildings  and  streets.  The  width  of  the  street, 
figured  on  this  basis,  would  also  take  care  of  any  possible  traffic 
brought  about  by  the  usual  commercial  transactions.  It  is  universally 
understood,  and  conclusively  proven,  that  recent  developments  in 
sanitation,  intercommunication  and  economy  of  administration,  remove 
all  restrictions  relative  to  the  height  of  bi;ildings.  There  are,  however, 
limitations  imposed  by  economical  construction  which  will  prevent 
the  height  of  buildings  from  exceeding  that  already  attained  at  the 
present  time. 

One  of  the  factors  which  will  tend  to  limit  the  height  of  buildings 
is  due  to  the  fact  that  as  the  distance  from  the  foundation  to  a  story 
increases,  the  investment  required  to  construct  that  story  is  likewise 
increased,  and  as  the  returns  on  the  investment  are  not  subject  to  such 
an  increase,  there  is  a  limit  beyoud  which  it  is  unprofitable  to  go. 
Such  a  condition  arises  from  the  fact  that  the  increased  sectional  area 
required  in  the  columns  to  support  a  given  floor  extends  not  only 
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throughout  the  length  of  the  columns  in  the  tier  below,  but  through-  Mr.  Sloan, 
out  the  entire  distance  from  the  floor  in  question  to  the  foundations. 
Similar  considerations  apply  as  well  to  the  wind  bracing,  especially 
where  diagonal  bracing  is  used,  and  where  the  building  is  regarded  as 
a  cantilever  beam  supported  at  the  foundation,  for  the  wind  bracing 
at  any  floor  must  be  proportioned  to  sustain  the  increment  of  stress 
from  all  the  floors  above. 

It  is  such  conditions  as  these  that  have  made  the  growth  of  the 
ocean  liner  and  the  locomotive  slow,  and  kept  the  span  of  bridges 
within  reason,  and  will  likewise  prevent  the  design  and  construction 
of  buildings  of  greater  height  than  those  at  present  erected. 
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Mr.  Simin.  NICHOLAS  SiMiN,  Esq.f  (by  letter). — Moscow  will  soon  have  to  decide 
upon  the  method  of  filtering  daily  45  000  000  U.  S.  galls,  of  river 
water,  the  quantity  necessary  for  its  municij^al  water  supply.  This 
circumstance  was  the  cause  of  the  writer's  journey  from  Moscow  to  the 
United  States  of  America  in  the  autumn  of  1897,  when  the  so  called 
"  American  method  of  water  purification  "  or  "the  rapid  sand  filtra- 
tion with  coagulation  "  had  just  begun  to  receive  a  scientific  sanction 
in  America. 

The  purification  of  water  by  subsidence  and  with  the  aid  of  coagu- 
lation by  alum  has  been  practiced  since  ancient  times,  and  its  good 
results  in  making  the  most  turbid  waters  clear  as  crystal  are  well 
known.  The  modern  "  American  method  of  water  purification  "  is  but 
an  improvement  of  the  older  one  by  changing  the  process  from  a  slow 
to  a  rapid  one. 

During  the  first  ten  years  of  its  development  in  the  United  States 
it  was  not  under  scientific  control,  and  was  advocated  merely  on  com- 

*  The  discussion  of  this  subject,  on  which  no  formal  paper  was  presented,  is  con- 
tinued from  the  August  and  September  numbers  of  Proceedings. 
t  Chief  Engineer  of  Moscow  Water  Works. 
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mercial  grounds.     The  great  advantage,  however,  of  a  method  of  rapid  Mr.  Simin. 
filtration    with    coaguhxtion   caused    several   series    of  well-arranged 
scientific  investigations  to  be  made,  and  their  results  led  to  material 
imi)rovenieuts. 

The  first  of  these  investigations  was  made  in. the  year  1893  by 
Edmund  B.  Weston,  M.  Am.  Soc.  C.  E.,  in  the  City  of  Providence,  K. 
I.  In  1896  and  1897  more  extensive  investigations  were  undertaken  in 
Louisville,  through  the  initiative  of  Charles  Hermany,  M.  Am.  Soc.  C. 
E.,  and  directed  by  G.  W.  Fuller,  Assoc.  M.  Am.  Soc.  C.  E.,  who  gave 
to  the  science  of  water  purification  a  great  literary  work  without 
equal.  At  the  same  time  independent  scientific  tests  of  mechanical 
filters  were  made  in  Lorain,  O.,  by  the  State  Board  of  Health,  under 
the  direction  of  Allen  Hazen,  M.  Am.  Soc.  C.  E. 

At  the  close  of  his  work  in  Louisville  in  1898,  Mr.  Fuller  made 
further  studies  in  Cincinnati,  O. ,  where  the  importance  of  subsid- 
ence, with  and  without  coagulation  before  filtration,  was  especially 
well  demonstrated.  In  1897  the  City  of  Pittsburg,  Pa.,  made  parallel 
experiments  with  slow  and  rapid  filters,  under  the  general  direction 
of  Mr.  Hazen.  In  1899  Weston  again  experimented  in  East  Providence, 
E.  I.,  and  in  Norfolk,  Va.,  and  in  March,  1900,  Col.  Miller  terminated 
a  comparative  test  of  slow  and  rapid  filters  in  Washington,  D.  C, 
resulting  in  a  recommendation  to  adopt  the  rapid  method  of  water 
purification  for  60  000  000  galls,  daily. 

All  these  scientific  investigations  combine  to  prove  that  "  rapid  or 
mechanical  filters  "  are  able  to  give  good  results;  and  although  Mr. 
Hazen  recommended  slow  filters  for  Pittsburg,  Pa.,  this  did  not  pre- 
vent him  from  stating  that  the  rapid  filters  were  also  able  to  i)urify 
water,  and  to  remove  its  coloring  matter  to  a  greater  extent  than  possi- 
ble with  slow  sand  filters. 

At  the  time,  when  the  writer  was  still  under  the  inspiration  of  his 
inspection  of  mechanical  filter  plants  in  the  United  States,  when 
he  was  familiar  only  with  the  work  of  Weston,  in  Providence,  and 
could  have  but  a  superficial  idea  of  Mr.  Fuller's  work  in  Louisville, 
he  expressed  his  opinion*  that  no  obstacle  would  be  able  to  stop  the 
spread  of  the  "  American  rapid  method  of  water  purification."  Now, 
since  all  the  above-mentioned  scientific  investigations  are  in  public 
possession,  the  writer  cannot  do  otherwise  than  reaffirm  that  opinion. 

The  writer  now  wishes  to  glance  at  the  matter  from  a  Russian 
standpoint. 

The  method  of  water  purification  with  slow  filters  has  been  used  in 
Europe  about  seventy  years,  and  it  has  proven  that  good  results  can 
be  obtained  by  it.  At  the  same  time  they  are  not  always  obtained.  In 
Russia  not  a  single  case  of  slow  sand  filters  can  be  considered  as  being 

*  The  Enc/ineering  News,  March  19;  July  23, 1898. 
The  Engineering  Record,  March  24;  July  21,  1898. 
Fire  and  Water,  Vol.  xxili,  No.  12. 


1024  DISCUSSION"   ON"   FILTRATION"   OF   WATER.  [Papers. 

Mr.  Simin.  wholly  Successful.  The  best  filters  of  this  kind  were  built  in  Warsaw 
by  the  talented  Mr.  Lindley,  and  they  left  the  water  turbid  during  the 
session  of  the  second  Convention  of  the  Russian  Water  Works  Associa- 
tion, held  in  1895.  The  slow  sand  filters  in  Odessa,  also  very  well 
constructed  by  English  engineers,  work  at  the  rate  of  only  3  ins.  per 
hour,  and  yet  cases  of  unsatisfactory  effluent  occur  often.  In  St. 
Petersburg  the  slow  sand  filters  work  with  too  great  a  velocity,  and 
their  average  bacterial  efficiency  does  not  amount  to  00  laer  cent.  In 
several  other  Russian  cities  slow  sand  filters  are  also  made  to  work  at 
too  great  velocities,  on  account  of  their  insufficient  size,  and,  therefore, 
give  bad  results.  The  writer  believes  that  such  cases  of  lack  of 
success  occur  also  in  Western  Europe,  where  English  slow  filters  are 
used  at  many  city  water  works. 

American  mechanical  filters  are  almost  unknown  at  municii^al  water 
works  in  Europe,  and  many  superstitions  exist  regarding  them.  System- 
atic scientific  investigations  of  the  "  American  method  of  filtration 
with  coagulation  and  sedimentation  "  have  not  as  yet  been  made  here. 
The  investigations  now  undertaken  by  the  Moscow  municipality,  after 
the  example  of  Louisville  and  Pittsburg,  should,  therefore,  be  con- 
sidered as  the  first  made  in  Europe. 

The  water  is  taken  from  the  Moscow  River,  within  the  city,  where 
it  is  considerably  polluted  by  sewage  and  factory  refuse,  and  has  a  very 
changeable  character.*  Many  special  investigations,  already  made  at 
the  Moscow  experimental  filter  plant,  have  cleared  the  subject,  and  the 
results  in  general  agree  with  those  obtained  in  America.  Last  March 
and  April,  when  the  stage  of  the  river  was  high,  and  when  the  water 
was  very  turbid,  the  mechanical  "  Jewell  "  gravity  filter  moved  97  to 
99.8%'  of  the  bacteria,  and  the  filtered  water  during  the  whole  time  was 
quite  clear.  Sulphate  of  alumina,  in  quantities  from  4  to  6  grains  per 
gallon,  was  used  as  the  coagulant,  such  large  quantities  being  neces- 
sary to  obtain  satisfactory  bacterial  results. 

Although  these  investigations  are  intended  to  extend  over  one  whole 
year,  they  cannot  be  considered  as  final,  because  they  do  not  indicate 
the  results  which  would  be  obtained  if  the  water  is  taken  at  the 
proposed  new  intalie  for  the  city  water  supply,  to  be  located  30 
miles  above  the  city.  The  water  there  contains  but  about  400  bac- 
teria per  cubic  centimeter,  and  therefore  will  require  much  less  coagu- 
lant for  its  purification.  On  that  account  it  is  proposed  to  continue 
the  investigations  at  the  place  where  the  water  for  the  futiire  supply 
will  actually  be  taken,  and  to  make  parallel|experiments  with  mechani- 
cal and  slow  sand  filters. 

If  the  experiments  should  be  limited  to  those  now  being  made  in 
Moscow,  the  writer  is  not  sure  that  they  would  secure  the  adoption  of 

*  The  Moscow  River  water,  at  the  point  wtiere  it  is  taken  to  the  filters,  contains  from 
25  000  to  2  500  000  bacteria  per  cubic  centimeter,  on  the  average,  about  303  000. 
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meclianical  filters  for  the  Moscow  water  supply.  The  citizens  are  not  Mr.  Simin. 
yet  accustomed  to  the  idea  that  it  is  possible  to  dispense  with  slow 
sand  filters  for  water  purification.  If  the  writer  continues  the  experi- 
ments for  another  year,  he  will  have  more  data  and  believes  it  will 
then  be  easier  to  remove  the  prejudice  against  the  American  method  of 
water  purification. 

The  writer  feels  certain  in  his  conclusion  that  the  most  reliable,  the 
most  comfortable,  the  easiest  and  cheapest  method,  and  the  one  best 
adapted  to  control  scientifically  the  purification  of  the  Moscow  city 
water  supply,  is  the  American  method  of  rapid  filtration  with  coagula- 
tion of  organic  matter. 

The  reasons  are  as  follows:  In  the  daily  practice  of  water  purifica- 
tion one  should  certainly  give  preference  to  a  plant,  the  sanitary  opeia- 
tion  of  which  can  be  more  easily  subjected  to  scientific  control.  Such 
a  control  is  more  readily  obtained  by  the  American  rapid  filters  than 
by  the  English  filters  for  the  following  reasons: 

1.  If  the  normal  operation  of  an  American  plant  is  somewhat  dis- 
turbed, it  is  very  easy  to  restore  it  by  washing  and  coagulation.  After 
a  ten- minute  washing  it  is  possible  in  three  minutes  to  receive  a  good 
effluent,  while  the  effluent  of  the  English  slow  filters  can  not  be  quite 
satisfactory  until  3  to  5  days  after  cleaning,  during  which  time  the 
filtered  water  must  be  allowed  to  run  to  waste.  In  case  the  efiiuent 
suddenly  appears  turbid,  the  filtered  water  must  also  run  to  waste 
until  it  clears  itself.  In  this  sense  it  is  not  possible  to  control  a  slow 
sand  filter. 

2.  In  countries  having  severe  winters,  the  American  method  of 
water  purification  costs  much  less  than  the  method  requiring  covered 
slow  sand  filters.  (The  cost  of  filtration  by  means  of  rapid  filters  and 
of  open  slow  filters  is  about  the  same.) 

3.  By  the  American  method  it  is  possible,  not  only  to  make  the 
water  clear  and  to  remove  the  bacteria  from  it,  but  also  to  remove  the 
color  caused  by  vegetable  pigments  and  other  organic  matter.  Slow 
filtration  removes  such  coloring  matter  to  a  much  smaller  extent,  which 
is  an  important  and  insurmountable  defect  of  that  system. 

4.  In  the  case  of  American  filters  an  increase  in  the  rate  of  filtration 
does  not  cause  such  a  noticeable  depreciation  in  the  quality  of  the 
effluent,  as  m  the  case  of  English  filters.  At  the  Moscow  experimental 
plant  a  satisfactory  effluent  is  obtained  with  a  rate  of  150  ins.  per  hour, 
and  it  remains  practically  the  same  up  to  a  rate  of  250  ins.  per  hour. 

5.  Occupying  over  fifty  times  as  much  horizontal  area  as  American 
filters  of  the  same  capacity,  the  English  filters  meet  with  serious  dif- 
ficulties when  there  are  no  suitable  pieces  of  ground  upon  which  to 
locate  them. 

6.  The  method  of  cleaning  the  English  filters  is  complicated  and 
inconvenient.      The  sand  has  to  be  removed  by  hand  and  ijeriodically 
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Mr.  Simiu.  restored  bj  baud.  The  washing  of  tlie  sand  by  machines  presents 
difficulties  during  freezing  weather.  The  washing  of  mechanical 
filters  is  easy  and  quick,  and  obviates  taking  the  sand  out  of  the  fil- 
ters. The  rapidity  of  washing  obviates  also  the  large  reserve  filtering 
areas  of  the  slow  method. 

7.  The  existing  English  slow  filters  make  it  too  easy  to  increase  the 
quantity  of  filtered  water,  and  thus  to  avoid  the  erection  of  new  filters. 
To  do  this  it  is  only  necessary  to  increase  the  velocity  or  rate  of  filtra- 
tion and  to  disjiense  with  the  wasting  of  the  first  effluent.  Such  a 
practice,  however,  is  detrimental  to  the  quality  of  the  effluent  water. 
"With  the  use  of  mechanical  filters  an  increase  of  the  quantity  of  the 
filtered  water  is  much  more  easily  and  cheaply  obtained,  by  adding  a 
small  supialementary  rapid  filter  than  a  large  English  filter.  Nor  is  it 
necessary  to  waste  such  great  quantities  of  the  first  effluent.  Fiirther- 
more,  the  increase  of  velocity  of  filtration  does  not  affect  the  qual- 
ity of  the  effluent  to  the  same  extent  as  in  the  case  of  English 
filters. 

8.  In  many  cases  American  filters  offer  a  possibility  of  uniting 
the  process  of  filtration  with  that  of  softening  the  water  or  of  freeing 
it  from  iron.  With  the  English  filters  this  double  efi'ect  is  not 
attainable. 

The  greatest  hindrance  to  the  adoption  of  the  American  method  is 
the  fact  that  it  requires  a  coagulation,  that  is  to  say,  the  introduction 
of  chemicals  into  the  water.  It  is  often  said  that  the  public  is  afraid 
of  the  sanitary  effects  of  a  chemical  treatment  of  the  water  which  it  is 
obliged  to  drink.  The  writer  sees  no  justification  in  such  fears.  Man- 
kind often  employs  chemical  processes  for  various  purposes,  and  to  a 
great  extent,  so  that  the  micro-chemical  process  of  coagulation,  when 
the  water  is  subsequently  to  be  filtered,  must  not  be  regarded  as  any- 
thing out  of  the  way.  The  writer  thinks  that  the  spread  of  the  Amer- 
ican method  at  city  water  works,  when  subjected  to  a  good  sanitary 
control,  may  be  considered  even  as  a  sign  of  an  increasing  public  cul- 
ture and  public  reliance  upon  a  triumphant  science. 

During  the  last  few  years  Amei'iea  has  made  many  scientific  and 
practical  investigations  of  rapid  water  purification.  Not  a  single  one 
of  them  has  undermined  its  reputation,  on  the  contrary,  all  of  them 
have  strengthened  it. 

America  has  investigated  also  the  English  or  slow  method  of  filtra- 
tion, and  has  proved  that  it  also  may  give  good  results. 

The  science  of  water  purification  is  much  indebted  to  America  and 
to  its  literature  for  the  studies  made  of  both  the  English  and  Ameri- 
can methods.  Europe  did  not  do  as  much  for  the  English  method 
alone  as  America  did  for  both. 

The  writer  thinks,  however,  that  the  American  investigations  on 
slow  filtration  cannot  wholly  serve  as  a  basis,  as  regards  its  daily  prac- 
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tical  working,  because  (luring  the  investigations  the  filters  are  always  Mr.  Simin. 
placed  in  a  more  favorable  condition  tban  that  which  they  are  likely 
to  get  in  practice.  Only  when  made  on  large  filter  plants  in  daily  use, 
and  when  free  from  idealization,  are  such  exjieriments  able  to  show 
clearly  all  the  merits  and  defects  in  their  true  light.  Our  present 
water  works  literature  hardly  yet  contains  a  I'ecord  of  any  such  inves- 
tigations as  regards  English  filters.  The  .  writer  feels  sure  that 
siich  investigations,  if  systematic  and  thorough,  would  clear  the  way 
for  the  further  spread  of  the  American  method.  Therefore,  although 
insisting  on  the  use  of  this  method  for  purifying  the  new  Moscow  water 
supply,  the  writer  recommended  that  one  filter  with  a  daily  capacity 
of  500  000  vedro  (1  625  (JOO  U.  S.  galls.)  should  be  arranged  according 
to  the  English  method  with  all  its  improvements,  and  that  such  a  fil- 
ter should  w'ork  under  the  best  practicable  conditions  simultaneously 
with  the  mechanical  filters. 

If  the  writer  succeeds  in  having  an  American  filter  plant  of  45  000  - 
000  U.  S.  galls,  daily  caj^acity,  adopted  for  the  Moscow  water  supfjly, 
he  would  take  care  that  the  English  filter  plant,  which  it  is  proposed 
to  build  for  1  625  000  galls,  per  24  hours,  should  remain  for  permanent 
use,  so  that  investigations  of  both  systems  could  be  made  tinder  per- 
manent scientific  control  and  on  an  equal  footing. 

The  investigations  made  in  the  United  States  of  America  have 
thrown  much  light  upon  the  method  of  rapid  water  purification.  Let 
us  hope  that  a  similar  light  may  be  thrown  upon  the  English  method 
of  slow  filtration,  which  almost  exclusively  for  70  years  has  served  in 
European  water  works  practice. 

Andkew  Johnston,  M.  Inst.  C.  E. — The  discussion  upon  this  sub-  Mr.  Johnston, 
ject  aj^pears  to  have  been  selected  at  a  most  ai^iiropriate  time  when  it 
is  remembered  how  large  a  percentage  of  our  losses  in  South  Africa  is 
due  to  diseases  very  greatly  attributable  to  contaminated  water. 

For  some  time  the  speaker  has  been  conducting  experiments  with 
the  water  of  the  River  Ouse,  in  Yorkshire,  and  for  that  purpose  has 
had  constructed  two  filters  each  having  an  area  of  4|  sq.  yds.  One 
filter  is  composed  of  sand  and  gravel  only,  and  the  other  has  a  layer 
of  Polarite  1  ft.  9  ins.  thick  between  sand  and  gravel,  each  filter 
having  a  total  depth  of  5  ft. 

The  water  treated  contains  in  storm  time  much  fine  clayey  matter, 
and  has  a  strong  yellow  or  j^eaty  color,  due  mainly  to  organic  contami- 
nation. 

The  sand  filter  slightly  reduced  the  color,  while  the  Polarite 
completely  removed  it.  Both  filters,  of  course,  removed  all  sus- 
pended matter  as  well  as  reduced  the  bacteria  to  one  per  cubic  centi- 
meter. 

The  following  are  the  analytical  results  in  parts  per  100  000  of  the 
important  constituents. 
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The  sand  filter  was  working  at  the  rate  of  480  galls,  per  square 
yard  per  24  hours,  and  the  Polarite  filter  at  the  rate  of  2  444  galls, 
per  square  yard  per  24  hours,  or,  in  other  words,  tlie  Polarite  filter 
was  doing  500^^  more  work  than  the  sand  filter,  and  giving  a  higher 
degree  of  purification. 

Comparing  the  foregoing  results  with  those  given  by  Mr.  Lindley, 
in  his  admirable  description  of  his  elaborate  system  at  "Warsaw,  it  is 
found  that  the  rate  of  filtration,  in  the  speaker's  experiments,  as  com- 
pared with  his,  is  as  follows: 

The  speaker's  sand  filter  was  working  at  the  rate  of  2  607  liters  per 
meter  per  24  hours,  and  the  Polarite  filter  was  working  at  the  rate  of 
13  273  liters  per  meter  per  24  hours,  as  against  the  Warsaw  maximum 
rate  of  87  liters  per  meter.  It  should  be  stated,  however,  that  the 
speaker  first  causes  the  water  for  the  Polarite  filters  to  pass  through  a 
mechanical  Polarite  clarifler,  working  at  the  rate  of  27  000  galls,  per 
square  yard  per  24  hours. 

No  coagulant  is  used,  as  it  is  against  English  practice  to  use  any 
chemicals  ia  water  for  drinking  purposes. 

Although  it  may  be  argued,  and  to  some  extent  truly,  that  to  com- 
pare the  results  of  experiments  extending  over  a  few  months  with 
those  obtained  by  Mr.  Lindley  in  experiments  lasting  for  a  number  of 
years  is  not  fair,  yet  the  speaker  does  not  think  such  an  argument 
will  affect  this  subject,  because  he  is  able  to  state,  from  the  experience 
of  other  engineers,  that  equally  good  results  are  obtained  at  water- 
works where  Polarite  has  been  used  for  many  years.  At  the  West 
Hants  Water-works,  Chiistchurch  (England),  the  supply  is  taken 
direct  from  the  River  Avon,  is  first  passed  through  Polarite  automatic 
clarifiers,  which  remove  the  suspended  matter,  and  is  then,  by  simple 
arrangements,  sprayed  upon  Polarite  filters.  One  feature  of  the 
method  at  Christchurch  is  that  the  use  of  the  claritier  enables  subsi- 
dence reservoirs  to  be  disi^ensed  with,  thus  effecting  a  great  saving  in 
cost. 

The  following  is  an  extract  from  the  Government  Official  Report 
of  Dr.  F.  St.  George  Mivart,  to  the  English  Local  Government  Board, 
on  the  "Sanitary  Circumstances  and  Administration  of  the  Borough 
of  Christchurch,  South  Hants,"  and  shows  the  pollution  to  which  the 
River  Avon  is  subject  above  the  intake  of  the  water-works: 
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"The  River  Avon,  from  which  the  supply  is  now  wholly  derived,  Mr.  Johnston, 
rises  in  Wiltshire,  in  the  neighborhood  of  Devizes.  I  do  not  propose 
here  to  deal  with  pollutions  which  enter  it  in  the  earlier  part  of  its 
course.  On  its  banks,  in  the  vicinity  of  Christchurch,  are  a  number 
of  considerable  aggregations  of  population,  most  of  which,  as  I  under- 
stand, get  rid  of  their  sewage  by  discharging  it  more  or  less  directly 
to  the  river  a  few  miles  above  the  intake.  My  inspection  of  the  river 
did  not  extend  beyond  that  portion  of  it  in  ithe  immeiliate  neighbor- 
hood of  the  Borough,  and  hereabouts  I  noticed  that  pollution  is  pos- 
sible, by  reason  of  pig-keeping  upon  a  large  scale,  carried  on  close  to 
the  river,  about  a  quarter  of  a  mile  above  the  intake,  and  from  the 
keeping  of  animals  and  poultry  by  the  tenant  of  the  mill  at  the  site  of 
the  water-works." 

Notwithstanding  the  fact  that  the  River  Avon  cannot  be  looked 
upon  as  an  ideal  supply,  yet,  so  successful  is  the  filtration  process 
adopted  that  the  water  as  it  issues  from  the  Polarite  filter  is  of  excel- 
lent quality,  and  is  shown  by  the  following  analyses  to  be  brought  into 
a  condition  equal  to  that  of  the  purest  well  waters  of  this  country. 


Kent  Deep  Well. 

anai.ysis  by 

Dr.  p.  Krankland, 

December,  1898. 

West  Hants,  Fil- 
tered.   Analysis   by 
Dr.  a.  AnuEll, 
December,  1898. 

Grains  per  gallon. 

Free  ammonia 

Not  any. 

0.005 

0.311 

1.75 
38.98 
18.6° 

4.8 
13.8 

Not  any. 

0.000 

Nitrogen  as  nitrates  and  nitrites 

0.191 

Chlorine 

1.05 

Total  solids  dried  at  212°  Fahr 

20.44 

11.0° 

3.1 

7.9 

The  Polarite  filters  at  Christchurch  were  laid  down  in  1895,  and 
continue  to  work  as  satisfactorily  now  as  when  first  put  into  operation. 

At  Hastings*  (England),  Polarite  filters  have  been  used  for  ten 
years  on  the  public  water  supply,  and  the  following  are  analyses  and 
report  by  the  Official  Chemist  on  two  samples  of  Hastings  water 
purified  by  Polarite,  and  taken  from  two  different  filtering  stations: 


"  Appearance 

Clenr. 
Colorless. 
11.3°  Clark. 

Clear. 

Color 

Colorless. 

Hardness  before  boiling 

11.7°  Clark. 

Grains  per  Gallon. 

No.  1  Sample. 

No.  3  Sample. 

Oxygen  absorbed  from  permanganate. . 
Chlorine 

.008 
5.32 
.21 
.0019 
.0000 

.008 
7.14 

Nitric  acid 

.12 

Ammonia 

.0000 

Albuminoid  ammonia 

.0000." 

*  Population  supplied  with  water,  about  80  000. 
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Mr.  Johnston.         "  These  waters  are,  chemically  speaking,  of  great  organic  j^urity." 
At  Reading*  (England),  the  whole  of  the  public  water  sujiply  is 
purified  by  Polarite,  and  the  following  chemical  analyses  and  bacterio- 
logical results,  extracted  from  a  report  to  the  Water- Works  Commit- 
tee, show  the  eflect  of  this  method  of  filtration. 

"The  results  of  the  analysis  are  expressed  in  parts  per  100  000, 
and  are  as  follows : 

Chlorine 1.30 

Nitrous  acid 0.00 

Nitric  acid  (N„  O3I 0.46 

Phosphoric  acid Very  faint  trace. 

Sulphuric  acid  (SO3) "     0.03 

Total  soUds 23.92 

Free  ammonia 0.0000 

Albuminoid  ammonia 0.0092 

Oxygen  absorbed  from  permanganate  at  80°  in  J4  hour.  (  0.0441 

•'      "   4  hours  f  0.0895 

Temporary  hardness 15.2 

Permanent  hardness 4.6 

Total  hardness 19.8 

Lead  and  copper Absent. 

Odor  at  100°  Fahr None. 

Color  and  appearance  in  2-f  t.  tube Pale,  green,  clear. 

Deposit Slight.  Microscopical 

examination  satis- 
factory. 

"Number  of  colonies  of  micro-organisms  in  the  river  water,  1  200. 

"  Number  of  colonies  of  micro-organisms  in  the  filtered  water,  8. 

"  The  micro-organisms  in  both  the  river  and  the  filtered  water  were 
considerably  less  numerous  than  they  were  last  month,  and  over  99^?^ 
of  those  existing  in  the  former  had  been  removed  by  filtration. 

"The  results  of  the  chemical  and  bacteriological  analyses  are  satis- 
factory, and  show  that  the  filters  were  working  well." 

*  Population  supplied  with  water,  about  80  000. 


Vol.  XXVI.  OCTOBER,  1900.  No.  8. 


AMERICAN  SOCIETY  OF  CIVIL  ENGINEEES. 

INSTITUTED    185  2. 


PAPERS  AND  DISCUSSIONS. 

Note.  —This  Society  is  not  responsible,  as  a  body,  for  the  facts  and  opinions  advanced 
in  any  of  its  publications. 


THE  NINETY-SIXTH  STREET  POWER  STATION  OF 

THE    METROPOLITAN    STREET    RAILWAY 

COMPANY,  OF  NEW  YORK  CITY. 

Discussion.* 


By  Messrs.  F.  L.  Avekill,  Albert  Cabe,  W.  A.  Low,  Werner  Boecklin, 
Jr.,  and  J.  D.  Kent. 


F.  L.  Averill,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — The  design  of  Mr.  Averill. 
coal  pockets  for  steam  plants  has,  within  a  few  years,  received  consid- 
erable attention,  both  as  to  the  stresses  induced  in  the  framing  and  in 
the  details  of  construction.  It  is  to  be  hoped  that  the  author  will 
incorporate  further  details  of  this  notable  pocket  in  the  final  pub- 
lication. 

With  the  present  knowledge  of  the  subject,  it  is  surprising  to  note 
how  recently  large  steel  pockets  have  been  erected  without  precautions 
being  taken  to  avoid  the  certain  corrosion.  There  have  even  been  cases 
where  some  of  the  principal  members  of  the  framing  have  been  exi3osed 
to  contact  with  the  coal. 

The  disastrous  failure  of  a  large  pocket  in  Paterson,  N.  J. ,  in  1897, 
created  a  discussion,  among  engineers  and  in  the  technical  papers,  of 
much  practical  value,  which  has  borne  fruit  in  the  more  recently 
designed  pockets. 

The  maximum  loading  and  the  prevention  of  corrosion  are  now  well 

*  This  discussion  (of  the  paper  by  L.  G.  Montony,  Assoc.  BI.  Am.  Soc.  C.  E.,  printed 
in  Proceedings  for  Au-'-u.st)  is  printed  in  Proceedings  in  order  that  the  views  expressed 
maybe  brought  before  all  members  of  the  Society  for  further  discussion. 

Communications  on  this  subject  leceived  prior  to  October  26th,  1900.  will  be  printed 
in  a  later  number  of  Proceedings,  and  subsequently  the  whole  discussion  will  be  published 
in  Transactions. 
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Ml-.  Carr.  defined  in  good  practice.  There  is  another  point  sometimes  lost  sight 
of  in  the  design  of  such  jjockets:  namely,  avoiding  "dead  spaces" 
between  the  chutes,  where  coal  can  remain  lodged.  It  is  asserted  by 
men  of  experience  that  any  mass  of  bituminous  coal  left  stationary  is 
certain,  sooner  or  later,  to  ignite  by  spontaneous  combustion.  The 
writer  knows  of  one  large  storage  pocket  where  men  are  sometimes  put 
in  to  move  coal  by  hand  to  guard  against  danger  from  fire. 

The  writer  recently  had  to  design  a  coal  pocket  for  the  United 
States  Bureau  of  Engraving  and  Printing,  at  Washington,  J).  C,  inci- 
dent to  extension  and  improvements  in  the  steam  plant.  There  were 
limiting  conditions,  partly  architectural,  so  that  an  ideal  arrangement 
of  coal-handling  apparatus  was  impossible.  The  scheme  of  framing  and 
the  details  of  construction,  however,  may  be  of  interest. 

The  bottom  part  of  the  pocket  was  made  in  the  shajoe  of  several 
inverted  pyramids,  thus  avoiding  any  spaces  for  the  lodgment  of  coal, 
and  at  the  same  time  permitting  the  use  of  deep  lattice  girders  between 
the  several  pyramids.  These  girders  give  stift"  bracing,  and  support  a 
large  projiortion  of  the  load. 

Expanded  metal,  wired  to  angles,  was  used  to  prevent  the  cracking 
of  the  concrete. 

For  the  vertical  sides  of  the  pocket,  brick  filling  was  used  between 
the  beams,  as  one  side  of  the  pocket  formed  the  outside  wall  of  the 
building. 

Since  reading  Mr.  Montony's  paper  the  writer  has  determined  to 
recommend  waterproofing  in  addition  to  the  cement  and  concrete  pro- 
tection for  the  pocket  at  the  Bureau  of  Engraving  and  Printing. 

The  writer  was  ably  as  isted  m  the  foregoing  work  by  Kort  Berle, 
Assoc.  M.  Am.  Soc.  C.  E.,  who  made  most  of  the  calculations  and 
worked  out  the  details. 
Mr.  Carr.  Albekt  Cakk,  Assoc.  M.  Am.  Soc.  C.  E. — In  regard  to  the  con- 
struction of  the  foundation  work  there  are  some  minor  points  which 
the  author  might  have  put  a  little  difi'erently  if  he  had  consulted 
with  some  one  having  to  do  with  the  execution  of  the  work. 

The  only  point  of  real  importance,  perhaps,  is  the  statement  in 
regard  to  cement  and  concrete.  The  author  states  that  "the  concrete 
used  was  a  mixture  of  one  part  cement,  two  parts  sand  and  four  parts 
broken  stone,  and  the  cost  ^5  or  $4.50  per  cubic  yard,  according  to 
whether  Portland  or  Rosendale  cement  was  used."  So  far  as  the 
speaker  is  aware  or  has  any  record,  not  a  barrel  of  Rosendale  cement 
was  used  in  this  work,  and  no  concrete  was  mixed  in  the  i^roportions 
quoted. 

The  concrete  under  the  chimney  was  nearly  all  mixed  in  the  pro. 
portions,  1  cement,  3  sand  and  5  broken  stone.  The  concrete  outside 
the  chimney  was  nearly  all  mixed  in  the  proportion  of  1  part  cement, 
4  parts  sand  and  4  jjarts  f-in.  broken  stone  and  4  parts  IJ-in.  stone. 
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The  cost  quoted  is  substantially  correct,  but  the  difference  in  cost  Mr.  Carr. 
is  due  to  the  difference  in  the  proportions  of  material  used  and  not  to 
difference  in  cement  as  stated.     Also,  a  small  part  of  the  difference  in 
cost  is  due  to  the  fact  that  part  of  the  concrete  was   machine  mixed 
and  i^art  hand  mixed. 

The  author  states  that  the  excavation  for  the  building  was  sheet- 
piled  all  around.  The  excavation  was  sheeted  on  three  sides  com- 
plete, and  on  the  fourth  side  only  far  enough  to  cross  the  cribs  which 
are  mentioned.  It  is  an  interesting  feature  of  the  sheet-piling  that  the 
side  of  the  excavation  left  unsheeted  was  towards  the  East  Eiver,  which 
was  about  GO  ft.  distant. 

The  sheet-piling  crossing  the  cribs  mentioned  consisted  only  of  a 
single  line  10  ins.  x  12  ins.  tongue-and-grooved  timber  and  was  not 
puddled.  Two  lines  of  sheet-piling  were  driven  across  the  crib  at  the 
north  side  of  the  excavation,  but  the  driving  of  the  second  line  was 
due  to  a  change  in  location  of  the  east  wall  of  the  building,  and  not 
because  a  single  dam  was  not  entirely  successful  in  holding  back  the 
water. 

Mr.  Low  has  amplified  Mr.  Montony's  description  of  the  sheet- pil- 
ing around  the  chimney  foundation.  The  speaker  is  responsible  for 
the  plan  of  holding  back  the  sheet-piling  by  tie  rods  instead  of  using 
the  ordinary  method  of  bracing  inside  the  foundation,  and  he  was 
much  gratified  at  its  success.  Three  sides  of  the  excavation  were  kept 
practically  in  straight  lines,  and  the  fourth  side  bulged  into  the  ex- 
cavation for  only  6  ins.,  so  that  there  was  no  serious  movement  in  the 
material  back  of  the  sheet  piling.  By  this  method  the  expensive  and 
troublesome  bracing  inside  the  chimney  was  done  away  with,  and  the 
entire  space  inside  of  the  excavation  was  available  for  the  use  of  pile 
drivers.  All  piles  were  driven  without  moving  the  timbers,  as  would 
have  been  necessary  with  the  ordinary  method  of  bracing. 

The  author  seems  to  imply  that  the  plan  of  using  piles  under  the 
foundation  was  adopted  because  the  character  of  the  soil  was  not 
known  with  sufficient  deflniteness. 

Test  borings  were  made,  as  stated,  over  the  jDlot  to  a  depth  of  —  75, 
but  one  j^reliminary  boring  was  carried  to  rock,  which  was  found  at 
—  123.  The  original  intention  was  to  found  the  chimney  upon  rock, 
and  if  the  depth  had  not  been  more  than  75  ft.  this  plan  would"  have 
been  carried  out,  but  it  was  not  deemed  feasible  to  carry  the  fotinda- 
tion  down  to —  123. 

The  borings  showed,  as  stated,  fiUed-in  material  to  the  depth  of 
about  15  ft.  Below  this  was  a  stratum  of  jsacked  river  mud  or  clay, 
about  10  ft.  thick,  and  below  this  were  strata  of  sand  beginning  with 
coarse  sand  on  top,  and  gradually  increasing  in  fineness  until  about 
the  level  of  —  3'»,  where  fine  beach-sand  was  encountered.  This 
stratum  of  fine  sand  determined  the  length  of  piles. 
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Mr.  Carr.  A  number  of  test  piles  were  driven  to  refusal,  and  these  piles 
indicated  that  sticks  about  45  ft.  long  could  be  used.  Very  few  piles, 
however,  over  40  ft.  long  were  driven.  The  piles  were  driven  to  a 
1-iu.  penetration  with  a  2  500-lb.  hammer  dropping  20  ft. 

In  other  respects,  so  far  as  the  speaker  is  aware,  the  statements 
made  by  the  aiithor  are  correct,  and  the  discrepancies  noted  are 
probably  due  to  tha  fact  than  plans  were  sometimes  changed  in  the 
field  after  the  design  had  left  the  Chief  Engineer's  office. 
Mr.  Low.  "W.  A.  Low,  Esq. —  There  was  a  little  settlement  of  the  chimney, 
but  that  was  anticii^ated.  Careful  records  were  kept  from  week  to 
week.  The  speaker  took  the  levels  once  a  week,  and  found  that,  as 
the  chimney  went  up,  it  gradually  settled  a  little,  and  to-day  the  total 
settlement  is  under  3  ins.,  most  of  that  taking  place  before  the  chim- 
ney was  completed.  Since  the  chimney  has  been  completed  there  has 
been  added  the  weight  of  part  of  the  three  boiler  room  floors  and  the 
coal  pockets,  where  the  coal  is  stored.  In  the  settlement,  taken  on 
all  four  corners  at  the  base,  a  variation  of  not  more  than  ^  in.  is  foixnd 
in  any  of  the  four  corners  compared  with  any  of  the  others. 

The  speaker  does  not  know  how  much  of  that  settlement  was  due 
to  shrinkage  in  the  concrete. 

The  load  on  each  jiile  under  the  chimney  foundation  was  between 
15  and  16  tons.  The  speaker  does  not  know  the  load  on  the  piles 
under  the  other  part  of  the  building. 

The  coal  pockets  are  all  waterproof,  and  there  are  no  i^laces  where 
the  coal  can  lodge,  there  being  a  complete  system  of  hills  and  valleys. 
Mr.  Pearson,  the  Consulting  Engineer  for  the  company,  and  Mr. 
Starrett,  the  Chief  Engineer,  have  both  had  a  good  deal  of  experience 
in  coal-pocket  construction,  and  are,  therefore,  aware  of  the  damage 
which  can  be  done  by  the  action  of  the  coal  on  the  iron. 

As  an  instance,  the  coal  pockets  in  the  Kent  Avenue  jjower-house, 
in  Brooklyn,  may  be  mentioned.  These  pockets  were  lined  with  sheet 
iron,  which  corroded  entirely  throiigh.  The  pocket  at  the  Ninety- 
sixth  Street  power  station  was  built  of  concrete,  the  spacing  between 
the  I-beams  being  filled  with  concrete  and  carried  out  3  ins.  beyond 
the  face  of  the  beams.  Then  the  waterproofing — which  was  put  in  by 
a  company  whose  formiila,  unfortunately,  the  speaker  does  not  know 
— wa^  applied,  and  it  was  found  that  it  was  of  such  a  consistency  that 
the  dust  of  the  coal  knitted  into  it,  and,  so  far,  has  not  caused  the 
least  trouble. 

The  object  of  the  belt  conveyor  is  to  take  the  ashes  out  when 
coal  is  not  being  hoisted.  It  runs  usually  during  the  night,  but  is 
sometimes  run  during  the  day,  when  the  coal  conveyor  is  not  in 
operation.  It  was  found  to  be  too  expensive  to  run  the  coal  conveyor 
to  take  out  the  ashes  alone,  and,  consequently,  the  belt  conveyor  was 
put  in. 
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Weknkk  Boecklin,  Jr.,  Assoc.  M.  Am.  Soc.  C.  E.— The  origiual  Mr.  Boecklin. 
plau  Wiis.  as  stated  by  the  author,  to  handle  the  ashes  by  means  of  the 
returning  coal  eouveyors.  but  a  modification  was  found  advisable — as 
the  coal  conveyors  are  not  always  running  when  it  is  necessary  to 
remove  the  ashes,  and  as  the  running  of  an  80()-ft.  conveyor,  merely  to 
transj)ort  them  a  distance  of  75  ft.  would  not  be  economical,  a  Robins 
Conveying  Belt  was  installed  for  the  jjurpose. 

This  conveyor  consists,  essentially,  of  two  parts— belt  and  idlers. 
The  belt  is  16  ins.  wide,  reinforced  along  its  middle  by  a  coating  of 
rubber  re  in.  thick  to  resist  wear.  The  upper  idlers  sujiporting  the 
belt  and  its  load  are  made  up  of  three  5-in.  pulleys,  two  of  which  are 
set  at  an  angle  of  35^  to  the  horizontal,  thus  troughiug  the  belt  and 
materially  increasing  its  cajDacity.  At  the  head  end  of  this  conveyor  a 
circular  brush  in  contact  with  thi'  return  belt,  is  oi)erated  from  the 
head  shaft  and  throws  of  any  ashes  which  may  adhere  to  the  belt  after 
passing  the  head  pulley. 

Ashes  are  brought  by  means  of  small  cars  from  lioi^pers  under  the 
boilers  and  dumped  on  the  floor  at  the  east  end  of  building,  and  from 
liere  they  are  shoveled  by  hand  into  a  long  horizontal  hopi)er  deliver- 
ing into  a  bucket  conveyor.  This  conveyor  rises  to  the  level  of  the 
bridge,  and,  running  horizontally,  delivers  onto  the  belt. 

J.  D.  Kent,  Esq. — Two  engines  are  used  to  drive  the  coal  convey-  Mr.  Kent, 
ors,  and  they  are  between  15  and  20  H.-P.,  but  the  speaker  does  not 
think  they  have  yet  been  carded.  The  smaller  engine,  when  running 
the  belt  conveyor,  exerts  about  6  H.-P.  The  wet  ashes,  as  they  come 
from  the  ash  pan,  do  not  cause  any  trouble,  but  the  soot,  taken  from 
the  back  of  the  boilers,  sticks  or  cakes  on  the  belt  and  has  to  be 
cleaned  of?".     The  large  buckets  arc  affected  in  the  same  wav. 
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Waltek  W.  Cuexis,  M.  Am.  Soc.  C.  E.  (by  letter). — The  engiueeriug 
profession  should  be  ready  at  all  times  to  give  a  hearing  to  the  advo- 
cates of  any  new  processes  afltecting  the  materials  of  construction;  and 
to  test  such  processes  when  it  is  possible  to  do  so  without  too  great 
exj^ense;  or  when  the  possible  resulting  failure  can  be  determined 
before  the  exi^endituro  has  become  very  large. 

There  is  now,  and  will  T)e  in  the  future  to  a  greater  extent,  a  strong 
desire  to  experiment  with  new  wood  preservatives.  The  two  methods 
now  in  use  are  old.  The  evidence  of  their  value,  in  the  writer's 
opinion,  is  sufficient  to  justify  their  general  adoijtion,  but  is  not  as 
complete  as  could  be  desired,  and.  from  the  nature  of  things,  is  not 
likely  to  be.  The  difficulty  of  keeijing  tie  records  on  long  lengths  of 
road  for  1.5  and  20-year  periods  is  such  that  those  who  desire  to  find 
fault  with  them  will  always  have  opportunity.  One  of  the  greatest 
dangers  to  the  cause  of  timber  treatment  in  this  country  is  likely  to  be 
this  desire  for  something  new — and  cheajj. 

In  the  writer's  study  of  the  question,  it  has  been  very  amusing  and 
instructive  to  read  the  circulars  and  endorsements  therein,  of  20  years 
ago,  of  methods  long  since  gone  by  the  board.  It  seems  almost  neces- 
sary to   demand  of   the   advocates   of   every   new   treatment,  that  it 

*  Continued  from  September,  1900,  Proceed ing.'i.  See  May.  I'.IOO.  Proceed hif/x.  for 
paper  on  this  sub.-ject.  by  F.  A.  Knmmer.  Jun.  Am.  Soc.  C.  K. 
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should  tirst  bo  tested  for  10  or   15  years  and   tlieu   j)r(!sented  to  tlie  Mr.  Curtis, 
attention  of  the  public.     Certain  it  is  that  nothing  short  of  such  a 
test  can  be  considered  as  conclusive,  as  to  comparative  value,  in  the 
case  of  ties. 

Evidently,  however,  all  engineers  do  not  take  quite  such  a  pessi- 
rjiistic  view  of  the  matter.  A  committee  of  one  of  the  Associations  of 
;pngineers  of  Maintenance-of-Way  recently  reported  very  strongly 
recommending  the  general  adoption  of  a  method  of  treatment  of  ties 
by  painting  them  Avith  or  dipping  them  in  a  certain  iireservative  com- 
pound; the  advice  being  prefaced  with  and  based  upon  a  statement 
that  by  such  treatment  a  life  of  18  years  coiild  be  secured  from  timber 
naturally  having  a  life  of  but  0  years.  The  evidence  to  support  such 
claims  is  very  small  and  entirely  insufficient  to  warrant  any  such 
general  recommendations.  In  the  advertising  matter  regarding  one  of 
the  most  recent  processes  offered  the  public,  is  the  rejoort  of  a  learned 
professor,  in  which  it  is  asserted  that  a  life  of  from  13  to  15  years  can 
be  secured  from  soft  wood  ties  treated  by  this  particular  method;  and 
the  evidence  on  which  this  is  based  is  that  poles  so  treated  and  placed 
in  soil  favorable  to  decay  were  sound  after  2^  years. 

The  writer  does  not  intend  to  decry  either  of  these  processes;  they 
may  be  of  great  value,  but  the  evidence  thereof,  as  ajiplied  to  ties,  is 
extremely  limited. 

Mr.  Kummer  describes  a  treatment  intended  to  overcome  certain 
mechanical  difficulties  "in  connection  with  creosoting,  particularly 
railroad  ties."  Evidently,  he  refers  to  the  fact  that  creosoting  does 
not  harden  timber  and  that  the  usual  allowance  for  ties,  10  lbs.  of 
creosote  per  cubic  foot,  does  not  completely  saturate  the  wood.  This 
is  undoubtedly  true,  but  it  seems  hardly  fair  to  condemn  creosoted 
ties  therefor,  without  some  more  definite  data  as  to  actual  bad  results. 
The  recorded  history  of  creosoted  ties  in  the  United  States  is  not  very 
great,  but,  so  far  as  it  goes,  does  not  indicate  that  the  deterioration 
from  rail  cutting  is  so  serious  as  to  detract  greatly  from  the  value  of 
the  treatment. 

If  Mr.  Kummer  has  shown  a  means  whereby  siich  difficulties  as  do 
exist,  however  great  or  small  they  may  be,  can  be  removed,  he  has 
earned  the  thanks  of  the  jjrofession;  but  we  must  be  careful  lest,  in 
running  from  the  troubles  of  Avhich  we  know,  we  do  not  also  leave  good 
qualities  of  which  we  are  certain.  As  the  paper  did  not  state  the  com- 
parative costs  of  the  creo-resinate  treatment  and  ordinary  creosoting, 
the  writer  inquired  of  the  company  operating  the  jjrocess,  and  was  told  ^ 
that  the  costs  were  the  same,  using  equal  amounts  of  preservative 
material  in  each  case.  For  a  tie  creosoted  with  9  to  10  lbs.  per  cubic 
foot  the  English  records  show  a  life  of  from  16  to  20  years ;  using  a 
rail  supported  in  a  cast  chair.  If  creosoted  ties  here  are  provided 
with  tie-jjlates,  at  an  additional  cost  of  about  10  cents,  there  is  everv 
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Mr.  Curtis,  reason  to  expect  as  long  service;  indeed,  Mr.  Boggs,  in  his  discussion ■■ 
of  the  writer's  paper,  states  that  on  the  Houston  and  Texas  Central 
R.  R.  80^  of  the  creosoted  ties  laid  there  in  1877  were  still  in  service 
after  20  years,  and  that  without  a  tie-plate. 

The  author's  remarks  as  to  the  necessity  for  complete  sterilization 
in  creosoting  are  no  doubt  correct.  In  this  respect  the  chloride  of 
zinc  treatment  has  an  advantage,  for,  while  sterilization  there  is  prob- 
ably advantageous,  the  use  of  heat  is  primarily  to  so  season  the  wood 
and  ojaen  the  ducts,  as  to  permit  the  entrance  of  the  preservative  fluid. 
This  completely  saturates  the  timber,  if  i^roperly  done,  and  the  pre- 
serving and  toxic  agent  is  deposited  throughout  all  parts  of  the 
timber.  There  is  a  decided  lack  of  data  as  to  the  penetration  of  heat 
into  ties  during  steaming,  and  the  flgures  given  in  the  pajDer  are 
welcome  and  pleasing  as  well,  demonstrating,  as  they  do,  the  thorough- 
ness of  the  steaming  in  Burnettizing.  Mr.  Kummer  states,  "with  a 
temperature  of  230  '  Fahr.  in  the  cylinder,  178^  was  secured  at  the 
center  (of  the  tie)  in  2  hours,  while  with  290°  at  the  outside,  249° 
was  secured  in  2  hours."  Presumably,  the  2  hours  referred  to  is  the 
time  interval  between  the  admission  and  exclusion  of  steam  to  and 
from  the  cylinder.  In  Burnettizing,  it  is  customary  to  steam  for  at 
least  3  liours,  the  temperature  being  from  250^  to  260^  Fahr.  The 
mean  of  the  two  cylinder  temperatures  given  by  Mr.  Kummer  is  260'^^ 
and  the  mean  of  the  resulting  tie  temperatures  is  213^°;  so  it  is 
reasonable  to  conclude  that  the  usual  practice  in  Burnettizing  results 
in  complete  sterilization.  With  reference  to  the  use  of  a  higher  tem- 
perature under  pressure,  Avithout  injury  to  the  timber,  the  writer 
has  no  data.  He  is  not  satisfied  with  any  explanation  of  the  philoso- 
phy of  it,  known  to  him,  but  the  evidence  seems  to  support  the  claim. 
The  danger  to  be  feared  is  not  so  much  the  checking  of  the  wood,  as 
the  breaking  down  and  disintegration  of  the  fiber.  It  would  be  very 
interesting  to  know  the  relative  absorjition  of  preservative  by  timber 
treated  according  to  the  author's  method  and  by  the  use  of  heat  of 
250°  for  the  same  length  of  time  without  pressure. 

Table  No.  1  shows  the  amount  of  absorption  of  preservative  in 
green  and  in  vulcanized  timber.  It  is  well  known  that  it  is  impossi- 
ble to  inject  any  large  amount  of  anything,  even  water,  with  the 
usual  pressures  and  time  of  apjjlication,  into  timber  which  has  not 
first  been  prepared  for  it  by  steaming.  Before  the  value  of  vulcaniz- 
ing can  be  admitted  as  a  prejDaratory  treatment,  it  must  be  shown  that 
steaming  at  the  usual  heat  would  not  secure  the  same  results.  Even 
if  the  time  of  such  steaming  with  250"  temperature  was  one  or  two 
hours  longer,  in  the  writer's  opinion,  it  would  be  much  safer. 

Table  No.  2  shows  the  uniformity  of  absorj^tion — or  lack  thereof. 
It  will  be  noted  that  the  range  is  from  5.62  to  16.87  lbs.  per  cubic  foot; 
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the  variation  being  just  2()0'V  of  the  lower  extreme.     Evidently,  vul-  Mi 
eanizing  is  not  snccessful  in  entirely  eliminating  the  idiosyncrasies  of 
wood. 

Mr.  Kiimmer  states  tbat  thorough  sterilization  is  not  generally 
secured  during  creosoting  treatment.  The  writer  understands  that 
creosoting  works  generally  use  as  high  temperatures  in  steaming 
as  do  Burnettizing  works,  and  continue  it  for  as  long  or  longer 
])eriods.  What  evidence  has  the  author  that  the  temperature  of  212^ 
at  the  center  of  the  tie  is  not  secured  in  creosoting? 

The  use  of  the  creo-resinate  process  is  recommended  by  the  author 
for  marine  Avork.  The  writer  recently  received  a  letter  from  Mr.  J.  AV. 
Byrnes,  Superintendent  of  the  timber  treating  works  at  Beaumont, 
Tex.,  whose  exiiei'ience  in  this  line  extends  back  some  30  years. 

He  states  that  Mr.  J.  AV.  Putnam  made  a  test  of  a  combination  of 
resin  and  ci-eosote,  while  operating  the  works  at  Pascagoula. 

"  He  treated  a  quantity  of  sheet  piling  for  the  Galveston  AA'harf 
Company,  about  10  years  ago,  and  in  less  than  2  years  the  teredo  had 
completely  destroyed  the  wood.  The  President  of  the  AA'harf  Com- 
pany appointed  me  as  the  arbitrator  in  their  behalf,  and  I  recommen- 
ded that  Mr.  Putnam  be  allowed  to  act  in  his  own  behalf.  AA^e  had 
the  piling  cut  out  at  the  point  of  greatest  exposure  and  divitled  them 
into  short  cuts  and  split  them  in  small  sections.  The  wood  showed  a 
perfect  saturation,  biit,  while  only  one  third  resin  had  been  used  to 
two-thirds  oil,  there  was  no  odor  or  sig;n,  other  than  color,  that  w(  uld 
indicate  that  a  particle  of  dead  oil  had  been  used.  The  resin  had 
totally  destroyed  the  quality  of  the  oil  as  a  preservative  against  the 
teredo.  About  1869,  one  of  the  leading  chemists  and  physicians  of 
New  Orleans  conceived  the  idea  of  treating  wood  with  a  mixture  of 
resin-oil  and  resin,  for  marine  use.  AV^e  were  at  that  time  distilling 
resin-oil  in  connection  with  our  coal-tar  distilling  works.  AA^e  treated 
a  number  of  samples  of  4  x  4-in.  pieces  which  he  had  fastened  to  piling 
or  other  structures  at  Lake  Pontchartrain,  Biloxi,  Mississij^pi  Sound, 
and  Fort  Phillip  and  Fort  Jackson,  at  the  mouth  of  the  Mississijjpi 
River.  The  treatment  seemed  to  give  the  wood  a  relish  for  the  teredo. 
The  Biloxi  test  was  destroyed  totally  within  2  years.  The  Lake  Pont- 
chartrain and  mouth  of  river  samples  held  out  for  a  year  or  two 
longer,  but  none  to  a  greater  extent  of  time  than  the  natural  wood. 
AVhile  the  treatment  of  wood  with  a  mixture  of  dead  oil  and  resin  may 
be  effective  as  a  jn-eservative  against  decay,  it  has  been  positively 
proven  by  thorough  tests  that  no  good  results  will  be  obtained  when 
used  for  marine  work." 

The  process  described  by  the  author  differs  somewhat  from  that 
followed  by  Mr.  Putnam;  and  it  may  be  that  the  differences  are  suffi- 
cient to  secure  a  more  happy  result.  As  a  matter  of  history,  however, 
the  foregoing  should  be  recorded. 

Mr.  Byrnes  is  strongly  of  the  opinion  that,  to  get  satisfactory  results 
from  creosoted  timber  in  marine  work,  it  must  be  allowed  to  dry  out 
for  from  30  to  60  days  after  treating,  when  the  creosote  in  the  outer 
part  of  the  timber  becomes  thick  and  gummy.  If  this  is  done,  and 
the  treatment  has  been  properly  given,  he  is  satisfied  that  no  difficulty 
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.Ml.  Curtis,  will  be  experienced  with  the  washing  oiit  of  the  creosote;  and  the 
durability  of  the  work  will  prove  satisfactory. 

It  is  to  be  hoped  that  future  experience  Avith  the  creo-resinate 
treatment  will  demonstrate  its  value  to  be  as  great  as  the  author  anti- 
cipates. The  writer,  however,  is  less  interested  in  improving  upon 
creosoting  practice  than  in  approximating  the  results  secured  thereby 
at  a  less  cost.  The  great  need  of  the  railroads  to-day  is  to  demon- 
strate or  confirm  the  value  of  the  zinc  chloride  treatment;  and  to 
improve  thereon. 
.Mr.  Moiitfoii.  R.  MoNTFOET,  M.  Am.  Soc.  C  E. — The  writer's  attention  has  been 
called  to  Mr.  Boggs'  communication,  i^ublished  in  the  Sejitember, 
1900,  Proceed hni>i,  in  which  the  following  statement  is  made: 

"R.  Montfort,  M.  Am.  Soc.  C.  E. ,  Chief  Engineer  of  the  Louis- 
ville and  Nashville  Railway,  is  in  a  better  position  than  any  one  known 
to  the  writer  to  si)eak  with  authority  on  the  action  of  the  teredo  on 
creo.soted  piles,  as  his  line  traverses  a  number  of  salt  water  inlets 
along  the  Gulf  Coast,  and  probably  owns  one  of  the  oldest  creosoting 
plants  in  the  country.  It  is  the  writer's  impression  that  he  has 
eutirely  abandoned  treating  his  piling,  and  is  now  protecting  it  with 
salt-glazed  sewer  pipe,  as  creosoting  did  not  i^rotect  against  the 
teredo." 

Mr.  Boggs  is  mistaken  in  his  impression.  The  Louisville  and 
Nashville  Railroad  Co.,  during  the  i^ast  twelve  months  constructed  a 
large  dock  and  warehouse  at  the  foot  of  Commendencia  Street,  Pensa- 
cola,  Florida,  in  which  some  6  000  creosoted  piles,  averaging  70  ft.  in 
length,  and  treated  with  20  lbs.  of  creosote  oil  per  cu.  ft.,  were  used. 
In  addition  to  this,  diiriug  the  same  period,  about  2  000  000  ft.  of 
sawed  timber  were  used  by  this  company  on  the  wharf  referred  to,  and 
for  bridges,  culverts,  etc.  It  certainly,  thereiore,  cannot  be  said  that 
the  Louisville  and  Nashville  Railroad  Company  has  entirely  aban- 
doned the  use  of  creosote  oil  for  protecting  piling  and  timber  against 
the  teredo  and  against  rot. 

It  is  true  that  after  a  service  of  fourteen  years  the  creosoted  piles 
in  trestles  across  Biloxi  Bay,  and  Bay  Ht.  Louis,  on  the  New  Orleans 
and  Mobile  Division,  and  across  Escambia  Bay  on  the  Pensacola  and 
Atlantic  Division  of  the  Louisville  and  Nashville  Railroad,  were  found 
to  be  attacked  to  a  more  or  less  serious  degree  by  the  teredo,  and  the 
piles  in  these  trestles  were  further  protected  against  the  teredo  In- 
concrete  or  by  vitrified  clay  pipe  as  described  in  a  pajjer  by  the  writer, 
read  before  this  Society  November  1st,  1893."  The  same  creosoted 
jjiling,  driven  in  1878,  namely:  2  626  piles  at  Bay  St.  Louis,  and  1  648 
piles  at  Biloxi  Bay,  or  a  total  of  4  274  piles,  with  the  exceiation  of  3 
that  have  been  replaced  by  new  piles  on  account  of  rot,  and  122  piles 
that  were  destroyed  by  the  hurricane  of  October  2d,  1893,  are  still  in 
use,  giving  good  service  and  with  prospect  of  lasting  several  years  to 
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come.     IJutreated  jjiles  at  tlieso  bridges  would  not  last,  ou  an  average,  Mr.  Montfort. 
more  than  seven  years  as  against  rot,  or  six  months  against  the  teredo. 

Mr.  Boggs  does  not  state  as  to  the  treatment  adopted,  or  the  qual- 
ity of  the  oil  used  in  the  piles  of  the  Giilf,  Colorado  and  Santa  Fe  Ry., 
iit  Galveston,  Texas,  Avhich  gave  such  poor  resiilts.  From  the  writer's 
experience  he  is  inclined  to  think  there  mu.st  have  l)een  some  defect, 
cither  in  the  treatment  or  in  the  quality  or  quantity  of  the  oil  used 
that  caused  such  results. 

The  writer  believes  Mr.  George  S.  Valentine,  who  for  years  has 
been  in  charge  of  The  Eppinger  &.  Russell  Co.  Creosote  Works, 
Long  Island  City,  N.  Y. ,  treated  piles  in  the  early  70's  that  were 
driven  in  Galveston  Bay,  and  are  still  doing  service  if  they  have  not 
been  destroyed  by  the  recent  hurricane. 

In  discussing  the  pajjer  referred  to,  the  writer  said:  * 

"  In  recent  years,  we  have  been  experimenting  with  a  mixture  of 
resin  and  dead  oil,  with  the  hope  that  the  resin  will  aid  in  fixing  the 
oil  and  prevent  it  from  being  dissolved  or  washed  out.  Hufficient  time 
lias  not  elapsed  to  form  any  definite  conclusion,  although  so  far  piles 
thus  treated  have  given  satisfactory  results.'' 

It  is  to  be  regretted  that  further  experience  with  piles  treated  with 
dead  oil  of  coal  tar  and  resin  has  not  given  us  the  satisfactory  results 
lioped  for.  In  1890,  it  having  been  found  that  the  teredo  had  com- 
menced to  attack  the  piles  in  piers  of  East  and  West  Pascagoula  River 
l)ridges,  driven  in  1876,  it  was  decided  to  strengthen  the  piers  by 
replacing  two  piles  at  each  end  of  each  pier,  consisting  of  sixteen 
piles.  These  piles  were  80  ft.  long,  10  ins.  in  diameter  at  the  small 
end,  and  were  driven  40  ft.  into  the  bottom  of  the  river.  They  were 
treated  with  a  mixture  of  resin  and  oil  in  the  j^roportiou  of  45  barrels 
of  resin  to  30  barrels  of  creosote  oil,  which  is  about  the  same  propor- 
tion Mr.  Kummer  proposes  to  use.  The  total  numVier  of  piles  treated 
in  this  way  and  driven  at  these  bridges  was  88. 

A  recent  examination  of  these  piles  for  rot,  by  boring,  showed  that 
of  the  inside  piles  driven  in  1876,  and  therefore  24  years  old,  only 
<S"o  showed  rot  in  the  heart,  while  of  those  treated  with  the  mixture  of 
oil  and  resin,  driven  in  1890,  and  only  10  years  old,  43",,  showed  rot  in 
the  heart.  An  examination  by  diver  showed  that  the  piles  24 years  old. 
originally  treated  with  creosote  oil,  were  in  better  condition  than  the 
piles  only  10  years  old  treated  with  the  creosote  oil  and  resin  mixture. 

From  this  it  will  be  seen  that  the  idea  of  mixing  resin  with  the 
creosote  oil  did  not  originate  with  Mr.  Kummer,  but  was  used  by  the 
late  J.  W.  Putnam,  Assoc.  M.  Am.  Soc.  C.  E.,  who  did  the  work  re- 
ferred to,  under  contract,  more  than  10  years  ago. 

The  writer  hopes  that  Mr.  Kummer's  exj)erience  with  jjiles  so 
treated  will  be  better  than  the  results  obtained  on  the  Louisville  and 
Nashville  Railroad. 
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Louisville  Cement. 


The  undersigned  is   General  Agent  for  the  following  Standard  Brands  of 
Louisville  Cement : 

FALLS  flIIJL.L.S  (J.  Hnlme  Brand), 

BLACK.  DIAMOND  MILLS  (River),  Diamond  Brand, 
SPEED  MILLS,  Star  Brand, 

FALLS  CITY  MILLS,  Anchor  Brand, 

BLACK  DIAMOND  MILLS  (Railroad),  Diamond  Brand. 


This  Cement  has  been  in  general  nse  throughout  the  West  and  Sonth 
since  1830,  most  of  the  public  works  having  been  constructed  with  it.  Orders 
for  shipment  to  any  part  of  the  country,  by  rail  or  water,  will  receive  prompt 
and  careful  attention. 

Sales  for  1893,  3,14S,56S  Barrels. 

WESTERN     CEMENT     COMPANY, 

247  W.  Main  St.,  Liouisville,  Ky. 


The  Weber  Railway  Join!  Mfg.  Co. 


Empire:    Building, 
71   BROADWAY,  NEW  YORK 

branches: 
Boston,  mason  bldg. 
Chicago,  old  colony  bldg. 
Baltimore,  equitable  bldg. 


J 


Manufacturers  of 


"T"  STEP  and  INSULATED 

OINTS. 


»aaa^a^^? 


Pacific  Flush  Tank  Co. 

84  LA  SALLE  STREET,  CHICAGO,  ILL., 

MANUFACTURERS    OF  THE 

mistier   H^tomatic   ^ipbon, 

FOR  INTERMITTENT  FLUSH  TANKS. 

T- — r 


Used  for  Flushing  Street-Sewers. 

NO  MOVING  PARTS.     NO  JOINTS.      NO  LITTLE  TRAPS. 

RECEIVED  THE  HIGHEST  AWARD  IN  ITS  CLASS  AT  THE  WORLD'S 
COLUMBIAN   EXPOSITION  FOR 

Simplicity  of  Construction,  Effectiveness  and  Reliability. 

Salt  Lake  City,  tTTAH,  December  14,  1897. 
******  Flushing  witb  the  hose  is  not  satisfactory  for  the  reason 
that  It  is  expensive,  and  owing  to  the  time  it  takes  to  get  oyer  the  system  the  laterals  are 
not  flushed  often  enough  to  Ijeep  them  clean.  The  laterals  flushed  by  siphons  are  in  much 
better  condition  than  those  flushed  with  the  hose.  The  Miller  Automatic  Siphons  that 
we  have  put  in  are  giving  entire  satisfaction,  and  in  my  opinion  they  are  the  most  efllclent 
siphons  In  use.  (Signed)  ¥.  C.  WE\j&¥.Y,  City  Engiimer. 

EACH  SIPHON   GUARANTEED   ABSOLUTELY. 

Send  fok  Illustrated  Catalogue. 


Ill 


FAIRBANKS' 

Patent  Automatic 
Cement  testing  Machines. 


Descriptive  Circular  of  ilachines  and  Appliances,  witli  Prices, 
Forwarded  on  Application. 


The   Fairbanks  Company, 

311  BROADWAY,  NEW  YORK. 

ALBANY,  N.  Y.;    BALTIMORE,  Hd.;     BUFFALO,  N.  Y.; 

BOSTON,  Mass.;     PHILADELPHIA,   Pa.;   PITTSBURG,  Pa.;   NEW  ORLEANS,    La. 

MONTREAL,  Que.;    LONDON,  England. 
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CONTINUOUS  RAIL  JOINT  COMPANYJFMBICL 


908=911  Lawyer's  Building, 

NEWARK,  N.  J. 

Millions  in  use  on 
123  Railroads. 

Fewest  parts  possi- 

Provides  for  the 

increased 

I  tonnage  up 

to  date. 


BEST    ECONOMICAL    RESULTS. 


GIANT  PORTLAND,  manufactured  by 

EGYPT  PORTLAND,  AMERICAN  CEMENT  CO.,  Egypt,  Pa., 

IMPROVED  UNION,  LESLEY  &  TRINKLE,  Sales  Agents, 

AND  UNION  CEMENTS.  22  &  24  South  15th  St.,     Philadelphia. 


Trident 

Disk  Water  Meter, 


Resilient  or  Retroactive  Frost  Bottom. 


"  SECOND  TO  NONE"  in  form,  materials 
construction,  capacity,  initial  accuracy  and 
j  sensibility. 

SUPERIOR  TO  ALL  in  convenience,  in  so- 
lidity of  parts,  in  design,  in   maintained  ac- 
7t,  t  ,  III.  I  curacy,  and  in  immunity  from  stoppages. 

MAY  BE  RUN  HARD  AND  LONG  without  smashing,  and  be  frozen  partially   or 
entirely  solid  without  damage  to  the  meter  or  expense  to  the  owner. 

FULLY    ATTESTED,   by  most  competent  authorities,  as  being  "beyond  competi- 
tion in  low  cost  of  maintenance." 

Illustrated  Catalogue,  giving  full  details,  mailed  to  any  applicant. 

NEPTUNE     METER     COMPANY, 

253     BROADWAY, 


DESIGNED    BY    JOHN    THOMSON. 


NEW  YORK  CITY. 


KSTABLISHKX)     1845. 


TROY,      N.    TiT.,      XJ.     8.     A. 

LARGEST  MANUFACTURERS   IN   AMERICA   OF 

Civil  Engineers'  and  Surveyors'  Field  Instrnments. 
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LATEST  CATALOGUE  MAILED  ON  APPLICATION. 


vr 


THE    F.  O.  NORTON    COMPANY, 


— MANUFACTURKR   OF — 


92    BROADWAY,   NEW  YORK. 


Particularly  adapted  for  work  under  water,  for  which  use  it  is 
superior  to  the  best  Portland  Cement,  when  used  i  to  i. 

Certificates  of  tests  and  reports  on  actual  use  in  important  public 
works  furnished  on  application. 


OUR    LEADING 

Architects,  Engineers  and  Bnilders 

SPECIFY  AND  USE 

BROOKLYN    BRIDGE    BRAND 

ROSENDALE   HYDRAULIC   CEMENT. 

PARK  ROW  OFFICE   BUILDING— 30  STORIES. 
USED  EXCLUSIVELY  ON  j     WALDORF-ASTORIA  HOTEI^LARGEST  IN  THE  WORLD. 

HAVE  SUPPLIED  FOR  NEW  YORK  CROTON  AQUEDUCT,  IN  1897  AND  1898,  165,000  BARRELS. 


y^^Ly^5  Portland  Cement 

IS  THE  STANDARD 
AMERICAN    PORTLAND. 

The  U.  S»  Government  gfives  it  preference  over  all  other  brands. 

ATLAS  PORTLAND  CEMENT  CO., 
U3  LIBERTY  STREET,  NEW  YORK  CITY. 


IRONCLAD  PORTLAND  CEMENT 

Manufactured  by  Glens  Falls  Portland  Cement  Co. 
Sole  Selling  Agent,  Commercial  Wood  &  Cement  Co., 

156  FIFTH  AVENUE,  NEW  YORK.  I   Fine  Artificial  Stone 


High-grade  American 
PORTLAND  CEMENT 

unsurpassed  for  making 


VII 
ESTABLISHED  1872. 


F.  E.  BRANDIS  SONS  &  CO, 

MANTTFAOTUBEBS   OP 

Engineers'  and  Surveyors'  Instruments, 

814    GATES    AVENUE, 
BROOKLYN,      NEW     YORK. 


Catalogues  mailed  on  application. 


The  Rand  Drill  Company, 

Pioneers  in  Rocl(  Drilling  and  Air  Compressing  HlaGliinery, 

loo   BROADWAY,  NEW  YORK, 

HAS  BEEN  AWARDED 

THREE    GOLD    MEDALS 

AT   THE 

PARIS    EXPOSITION 
For  AIR  COnPRESSORS  and  ROCK  DRILLS. 

Eppinger  &  Russell  Co., 

CREOSOTING  WORKS, 

Dead  Oil  of  Coal  Tar  Process, 


Piles  and  Timber  treated  with  the  above  Oil  for  all  purposes, 
when  preservation  is  desired. 


Introduced  in  England  by  Mr.  Bethel  in  1838.  DEAD  OIL  OP  COAL  TAR  la  the 
only  known  product  of  commercial  application  that  will  preserve  TIMBER  FROM 
DECAY,  LAND  AND  MARINE  INSECTS. 

Our  Mr.  Valentine  has  had  practical  experience  since  1872,  and  we  have  specimens  of 
Piles  and  Timber  treated  by  him  in  1874,  which  are  in  use  to-day  and  are  in  a  perfect  state  of 
preservation.    AVe  have  tlie  largest  and  best  equipped  plant  in  the  ivorld. 
Cy^linders  100  ft.  long,  capacity  1,500,000  ft.  per  month. 
Direct  Water  and  Rail  Communications. 

MANXTTACTUEEES   OF   THE 

Valentine  Electrical  Subway  Conduit. 


WORKS: 

Foot  First  Street  and  Newtown  Creek, 

LONG  ISLAND  CITY. 


OFFICES: 

2»^OE.KIS   BTJILIDIlSTa-, 

66  BROAD  ST.,  NEW  YORK. 


SEND  FOR  OIRCTJLABS  AND  PRICES. 
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FOR    WATER     MAINS. 


Bleasurements  by  these  meters  are  as  accurate  as  any  that  cau  be  made.    The  loss 
of  head  is  trifling. 

Meters  for  laboratories  of  Schools  and  Colleges. 

BUILDERS  IRON  FOUNDRY,  Providence,  R.  I. 

A.  J.    SNYDER   Sl   SONS, 

"CR[SC[lir^BRillDROS[IIDIll[C[M[NT 

Especially  manufactured  for 

requiring  a  high  grade  testing  cement.     Over  30,000  barrels  were  used  on 
the  new  dams  for  the  Crotou  Aqueduct,  and  not  one  barrel  was  rejected. 

^'i^£?£"'   HENRY  R.  BRIGHAM,  General  Agent, 

35  STONE  STREET,  NEW  YORK  CITY. 

Otis  Elevator  Company. 

HYDRAULIC, 

ELECTRIC  AND 

STEAM  ELEVATORS 

For  Passengers  and  Freight. 


NEW   YORK,  BOSTON, 

CHICAGO,  PITTSBURG, 

PHILADELPHIA,  SAN  FRANCISCO. 


IX 

-^ENGINEERS, s«- 

ADDRESS    THE    WORKS    DIRECT, 

JOHN  STREET,  WEST  NEW  BRIGHTON,  STATEN  ISLAND,  N.  Y. 

(ESX^^-BLISKED     1873), 

Make  a  specialty  of  Machinery  for  the  rapid  and  economical  handling  of  heavy  or 
bulky  materials,  as  well  as  Plans  for  Storage  Buildings  and  'Wharves. 

ENGINEERS  ARE  REQUESTED  TO  SEND  FOR  OUR  CATALOGUES. 
"Coal-Handling  Machinery,"  "Cable  Railways  for  Freight," 

"Conveyors"  Gravity  Bucket,  "Manilla  Rope"  Transmission, 

"Industrial  Railways."  "Coal  Handling  in  Power  Plants." 

EXTENTOF  Asphalt  Pavements 

IN  THE  UNITED  STATES  AND  CANADA. 

Trinidad  Lake  Asphalt  Pavement,  21,527,415  square  yards,  or  90% 
Other  kinds  Asphalt  Pavement,        2,307,064  square  yards,  or  10% 


oithejrinidad  lake  asphalt  pavewient 

10,000,000  square  yards,  or  nearly  50%, 

WAS  LAID  BY 

Tll[  BiRB[l)  ASPHALT  PiVING  COMPANY. 


This  is  equal  to  about  650  miles  of  Roadway,  26  feet  wid». 

The  Asphalt  used  by  this  Company  is  from  the  famous 
Pitch  Lake  in  the  Island  of  Trinidad,  B.  W.  I. 

J^^ Plans  and  Estimates  Furnished  on  Application. 


GENEEAIi   OFFICES  : 

LE  DROIT  BUILDING,     -        -        •     WASHINGTON,  D.  C. 

BOWLING  GREEN  BUILDING.  No.  11  Broadway,  New  York. 

F.  V.  GREENE,  President- 

SUPERIOR  GRAPHITE   PAINT 

For  BRIDGES,  A  STRUCTURAL 

ROOFS,    .         ^         IRON,    .... 

And  all  Exposed  Metal  or  Wood  Surfaces. 


"^"latXTsIinri^l         Detroit  Graphite  Mfg.  Co., 

acid   fumes,   smoke  or  ^  ^ 

chemicals DETROIT,  MICH. 


THE 


Q  &  W  Tie  Plate 

ALTHOUGH  SOMETHING  NEW, 

Has    a    Record,    from    the   fact   that    it   is    a 
combination  of  the 

SERVIS  AND 
WOLHAUPTER 
PLATES 

CHICAGO 


700=712  Western  Union  Building. 
NEW  YORK: 

106  Liberty  Street. 
SAN  FRANCISCO: 

537   Mission  Street. 


Connecting  Branch  Sleeve 

—  Tapping  Apparatus 

For  making  Large  Connections  without 

Shutting  Off  Water  or  Reducing  Pressure. 

This  is  no  experiment,  but  has  been  used 
by  the  Water  Departments  of  numerous 
cities  for  years  with  entire  success.     Con- 
nections from  2  to  24  ins.  have  been  made  with  mains  from  4  to 
48  ins.     For  full  information,  address 

THE  A.  P.  SMITH    MFG.  CO.,  921  Prudential  Building,  Newark,  N.  J. 

The  Evening  Post  Job  Printing  House, 

FULTON   STREET,  CORNER   BROADWAY, 
NEW  YORK. 


PRINTERS    OF    PERIODICALS. 
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ALCATRAZ    ASPHALT 

Guaranteed  free  from  Coal  Tar  or  Petroleum  Residuum, 

^""'^  Reservoir  Linings 

and  Pipe  Coatings. 


WiT^^         The    AlcatraZ    Co.,  San  Francisco,  Cal. 
General  Eastern  Office,  3  West  29th  St.,  New  York. 


ATLANTIC,  GULF  AND  PACIFIC  CO. 

1 


Hydraulic  Dredge  discharging  through  5.700  ft.  of  pipe. 
ENGINEERS   AND    CONTRACTORS. 

«o.  W.  CATT.  M  Am.  Soc.  C.  E.,  M.  Inst.  C.  E.,  Pres.  &  Eng.  Thos.  J.  LONG,  M.  Am.  Soc.  C.  E.,  Vice  Pres.  &  Engr. 

H.S.WOOD,  C.  E.,  Sec.  &Treas.  H.  KRUSI,  C.E.,  Pac.  Coast  Man.  R.  A.  PERRY.Supt 

■PECIALTIES:  Dredging,  Dredging  Machines,  Land  Reclamation,  Docks,  Piers,  Foundations,  Bridges. 

Correspondence  solicited. 
MA/N    OFFICE:    PARK   ROW   BUILOING,    NEW    YORK. 
PACIFIC    COAST  OFFICE:    220   MARKET  STREET,  SAN    FRANCISCO,  CAt- 


WEST  PASCAGOULA  CREOSOTE  WORKS, 

WEST  PASCAGOULA,  MISS. 
Situated  on  Pascagoula  Bay  and  on  the  line  of  the  Louisville  and  Nashville  Railroad. 

These  works  have  been  in  operation  for  more  than  twenty  years,  were  recently 
entirely  rebuilt  and  enlarged,  and  are  now  prepared  to  execute  all  orders  for  creosoted 
piles  and  timber  thoroughly  impregnated  with  dead  oil  of  coal  tar. 

New  cylinders  115  feet  long.     Capacity,  one  million  feet  per  month. 

Address   S.   W.    LABROT, 

SupT.  West  Pascagoula  Creosote  Works, 

West  Pascagoula,  Miss. 
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Architects  and  Builders, 

When  making  Contracts,  should  remember  thav 

12,000,000  Barrels 

"HOFFMAN" 

CEMENT 

Have  been  used  on  important  works  throughout  the  United  States. 

No  OTHER  Cement  Company  can  show  such  a  Record. 

Lawrence  Cement  Co. 

Sales  Office,   No.    i   Broadway,   New  York. 


LABORATORIES  OF  Dr.  CHAS.  F.  Mr.KFMii  22,  pearl  st.,  new  york. 

Successor  to  Dr.  GIDEON  E.  MOORE. 

DEPARTMENT  OP  CHEMISTRY.  Analyses  and  Assays  of  Ores,  Metals,  Waters  and  Natural 
and  Industrial  Products  of  every  description. 

DEPARTMENT  OP  PHYSICAL  TESTS.  Tensile,  Transverse  and  Compression  Tests  of  Iron,  Steel 
and  other  Metals  and  Alloys,  Cements,  Building  Stones  and  Engineering  Materials  generally 

EST^^VBLISHED    1856. 


Warren  Foundry  and  MacMne  Co. 

WORKS  AT  PHILLIPSBURa,   NEW  JERSEY. 

SALES  OFFICE:   160  BROADWAY,    NEW  YORK. 


CAST-IRON,  WATER  AND  GAS  PIPE, 

Fbom  3  TO  48  Inches  Diameter. 
Alao  all  sizes  of  FliANGED    PIPE  and  SPECIAL.   CASTINGS. 


Improved  Rigid&  SpRincFROG5.(R05jitiG3i  track  Work 
SiHOLEt Three  Throw  5put6witche5  J  lBh^J^}J^El' 
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One  Page 

One-half  Page 

One-quarter  Page 

One-twelfth  Page,  Card 
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90  00 
50  00 
20  00 
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55  00 
30  00 


3    INBEBTIONS. 


$60    00 
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MINUTES  OF  MEETINGS. 


OF  THE  SOCIETY. 


November  yth,  1900. — The  meeting  was  called  to  order  at  8.40  p.  m  ; 
Yice-President  Rudolph  Hering  in  the  chair;  Charles  Warren  Hunt, 
Secretary;  and  present,  also,  83  members  and  9  visitors. 

The  minutes  of  the  meetings  of  October  3d  and  17th  were  approved 
as  printed  in  Proceedings  for  October,  1900. 

The  following  papers  were  presented  for  discussion:  "Canals  be- 
tween the  Lakes  and  New  York,"  by  Joseph  Mayer,  M.  Am.  Soc.  C.  E., 
and  "  The  Economic  Dimensions  for  a  Waterway  from  the  Great  Lakes 
to  the  Atlantic,"  by  George  Y.  Wisner,  M.  Am.  Soc.  C.  E.  The  first 
of  these  jiapers  was  presented  by  the  author,  the  second  was  presented 
in  abstract  by  the  Secretary,   who  also  read  written  discussions  by 
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Messrs.  Thomas  W.  Symons,  Isham  Randolph,  A.  A.  Schenck,  and  J. 
A.  C.  Wright. 

Further  discussion  on  these  jjapers  was  postponed  until  the  meet- 
ing of  November  21st,  1900. 

Ballots  were  canvassed,  and  the  followiog  candidates  were  declared 
elected: 

As  Members. 

Feank  Beckwith,  Burlington,  Iowa. 

LooMis  Fakkington  GooDAiiE,  St.  Joseph,  Mo. 

Ira  Grant  Hedkick,  Kansas  City,  Mo. 

Calvin  Wheeler  Hendrick,  New  York  City. 

Sentaro  Kondo,  Tokyo,  Japan. 

James  Wingate  Rollins,  Jr.,  West  Roxbury,  Mass. 

As  Associate  Members. 
Gavin  Nelson  Houston,  Nyack,  N.  Y. 
Arnold  Charles  Koenig,  Grand  Island,  Neb. 
James  Alexander  McCrea,  Allegheny,  Pa. 
James  Peter  Whiskeman,  Louisville,  Ky. 

The  Secretary  announced  that  at  the  meeting  of  the  Board  of  Direc- 
tion, November  2d,  1900,  the  ballot  on  the  reconsideration  of  Gustave 
Robitscher  Tuska  was  canvassed,  and  that  Mr.  Tuska  was  declared 
elected  as  a  Member  of  the  Society. 

The  Secretary  announced  the  following  deaths:  William  White 
Seitzinger,  elected  Junior  October  2d,  1889;  died  September  21st,  1900. 
Arthur  Towne  Thomas,  elected  Member  June  6th,  1894;  died  October 
loth,  1900. 

The  Secretary  announced  that  the  Thirty-third  Annual  Convention 
of  the  Society  will  be  held  at  Niagara  Falls,  N.  Y.,  on  Tuesday, 
Wednesday,  Thursday  and  Friday,  June  25th,  26th,  27th  and  28th, 
1901. 

Adjourned. 

November  2ist,  1900. — The  meeting  was  called  to  order  at  8.40 
p.  M.,  Vice-President  Rudolj^h  Hering  in  the  chair;  Assistant  Secre- 
tary McMinn  acting  as  Secretary,  and  present,  also,  85  members  and  21 
guests. 

The  discussion  on  the  papers  by  Messrs.  Joseph  Mayer  and  George 
Y.  Wisner,  on  Canals  from  the  Lakes  to  New  York,  was  continued. 
Messrs.  Thomas  C.  Clarke  and  Edward  P.  North  discussed  the  siibject 
orally,  and  written  discussions  by  Messrs.  Thomas  Monro,  Frank  A. 
Hinds,  Elnathan  Sweet  and  Lyman  E.  Cooley  were  presented. 

The  Assistant  Secretary  announced  the  death  of  Joseph  Ruggles 
Richards,  elected  Associate  February  4th,  1880;  died  September  28th, 
1900. 

Adjourned. 
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OF  THE  BOARD  OF  DIRECTION. 

(Abstract. ) 

November  2d,  1900. — 8.10  p.  m. — ^Vice-President  Hering  in  the 
Chair;  Charles  Warren  Hnnt,  Secretary,  and  present,  also,  Messrs. 
Bensel,  Clarke,  Deyo,  Knap,  Morison,  O'Roiirke,  Eicketts,  Seaman, 
Turner  and  Whinerj. 

It  was  decided  to  undertake  the  prejaaration  of  a  Subject  Index  to 
the  first  forty-four  Volumes  of  Transactions,  for  issue  as  soon  as  possi- 
ble to  the  membership. 

The  place  for  holding  the  Thirty-third  Annual  Convention  was 
fixed  as  Niagara  Falls,  N.  Y.,  and  the  time,  Tuesday,  Wednesday, 
Thursday  and  Friday,  June  25th,  26th,  27th  and  28th,  1901. 

Announcement  was  made  of  the  appointment  of  Messrs.  Joseph 
Mayer,  Arthur  N.  Talbot  and  S.  E.  Tinkham  as  a  Committee  to  Eecom- 
mend  the  Award  of  Prizes  for  the  year  ending  with  the  month  of  July, 
1900. 

The  reconsideration  ballot  in  the  case  of  Gustave  Robitscher 
Tuska,  for  admission  as  Member,  was  canvassed,  and  Mr.  Tuska  was 
declared  elected. 

The  following  resignations  were  presented  and  accepted: 

Julian  Edward  Caccia,  Assoc.  M.  Am.  Soc.  C.  E. ;  Thomas  Tainter 
Watson,  Jun.  Am.  Soc.  C.  E. 

A  Committee  was  appointed  to  rejjort  on  the  subject  of  an  invita- 
tion to  this  Society  to  co-operate  in  a  proposed  International  Engi- 
neering Congress  to  be  held  in  Glasgow  during  1901. 

Applications  were  considered  and  other  routine  business  trans- 
acted. 

Adjourned. 
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ANNOUNCEIUENTS. 

In  accordance  with  the  resolution  of  the  Board  of  Direction  the 
House  of  the  Society  is  open  every  day,  except  Sunday,  from  9  A.  M. 
to  10  P.  M. 

MEETINGS. 

Wednesday,  December  5th,  1900.— 8.30  p.  m. — A  regular  business 
meeting  Avill  be  beld.  Ballots  for  membership  will  be  canvassed,  and 
a  i^aper  by  Ewald  Scbmitt,  Assoc.  M.  Am.  Soc.  C.  E.,  entitled,  "A 
Direct  Method  of  Spacing  Kivets  and  Finding  the  Position,  Etc.,  of 
Stiflfeners  in  Plate  Girders,"  will  be  i^resented  for  discussion. 

This  paper  is  printed  in  the  current  number  of  Proceedings. 

Wednesday,  December  19th,  1900.— 8.30  p.  m. — A  regular  meeting 
will  be  held  at  which  a  paper  entitled  "  Some  Peculiar  Railroad  Bridge 
Accidents,"  by  J.  I.  Boggs,  Assoc.  M.  Am.  Soc.  C.  E. ,  will  be  presented. 

This  i^aper  is  printed  in  the  current  number  of  Proceedings. 

Wednesday,  January  2d,  1901.— 8.30  p.  m. — A  regular  business 
meeting  will  be  held.  Ballots  for  membership  will  be  canvassed,  and  a 
pajjer  entitled  "  The  Kinzua  Viaduct  of  the  Erie  Railroad  Company," 
by  C.  R.  Grimm,  M.  Am.  Soc.  C.  E.,  will  be  presented  for  discussion. 

This  paper  is  printed  in  the  current  number  of  Proceedings. 

CORRECTION  OF  MINUTES 

Op  Meeting  of  October  3d,  1900. 

In  the  minutes  of  the  meeting  of  October  3d,  1900,  substitute  for 
the  list  of  candidates  there  given  as  elected  by  the  Board  of  Direction,* 
October  2d,  1900,  the  following: 

As  Associates. 
Thane  Ross  Bkown,  Milwaukee,  Wis. 
AiiFEED  WttjTjIam  Thokn,  Buffalo,  N.  Y. 

As  JUNIOES. 

William  Godfkey  Aen,  Nashville,  Teun. 

Sam  Wigfall  Beadshaw,  Steelton,  Pa. 

John  Bobbs  Cameeon,  Princeton,  Ind. 

Benjamin  Haeeison  Elynn,  Columbus,  Ohio. 

Heney  England  Geimm,  St.  Louis,  Mo. 

Beantz  Mayee,  Ozone,  Tenn. 

Cliffoed  Milton  Stegnee,  New  York  City. 

.ToHN  Shaep  Stigee,  Jr.,  Mendham,  N.  J. 

Waeeen  Ayees  Tyeeell,  St.  Louis,  Mo. 

*The  gentlemen  named  in  the  list  printed  by  mistake  were  elected  to  the  respective 
grades  on  May  1st,  1900. 
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ANNUAL  MEETING. 

The  forty-eiglitli  Auumil  Meeting  will  be  held  at  the  Society  House, 
January  16th  and  17th,  1901.  The  Business  Meeting  will  be  called  to 
order  at  10  o'clock  on  Wednesday  morning.  The  annual  reports  will 
be  read,  officers  for  the  ensuing  year  elected,  members  of  the  Nomi- 
nating Committee  appointed,  amendment  to  the  Constitution  consid- 
ered, and  other  business  transacted. 

The  arrangements  for  excursions  and  entertainments  will  be 
announced  later. 

PROPOSED  AMENDMENT  TO  THE  CONSTITUTION. 

The  following  proposed  amendment  to  the  Constitution  has  been 
received  by  the  Secretary,  and  has  beea  sent  to  the  Corporate  Members 
of  the  Society,  in  accordance  with  the  provisions  of  Section  2  of  Article 
IX  of  said  Constitution: 

"  Amend  Section  5  of  Article  II  by  adding  the  following: 

"  Tlie  Board  of  Direction  may  transfer  any  Junior  elected  prior  to 
March  4th,  1891,  to  the  grade  of  Associate.'''' 

This  amendment  is  proposed  by  George  S.  Morison,  S.  Whinery, 
Joseph  M.  Knap,  John  Bogart  and  C.  C.  Schneider. 

NOMINATING  COMMITTEE. 

Heretofore,  seven  members  of  the  Nominating  Committee,  one  from 
each  of  the  Geographical  Districts,  have  been  elected  annually  at  the 
Annual  Convention. 

The  amendment  to  the  Constitution  adojDted  October  3d,  1900, 
provides  that  this  election  shall  take  place  at  the  Annual  Meeting. 

The  iisual  blank  request  for  suggestions  as  to  representatives  of 
each  district,  for  presentation  to  the  meeting,  will  soon  be  mailed  to 
Corporate  Members. 

ANNUAL  CONVENTION  OF  1901. 

The  Thirty-third  Annual  Convention  of  the  Society  will  be  held  at 
Niagara  Falls,  N.  Y. ,  on  Tuesday,  Wednesday,  Thursday  and  Friday, 
June  25th,  26th,  27th  and  28th,  1901. 
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Note.  —  This  list  is  published  for  the  purpose  of  placing  before  the  members 
of  the  Society  the  titles  of  current  engineering  articles,  which  can  be  referred 
to  in  any  available  engineering  library,  or  can  be  procured  by  addressing 
the  publication  directly,  the  uddress  >>nd  price  being  given  wherever 
possible. 

LIST  OF  PUBLICATIONS. 

In  the  subjoined  list  of  articles  references  are  given  by  the  number  pre- 

iixed  to  each  journal  in  this  list. 

(i)  Journal,  Assoc.  Enp.  Soc,  257  South 
Fourth  St.,  Philadelphia,  Pa.,  30c. 

(2)  Proceedings,  Ens:.  Club  of  Phila.,  1132 

Girard  St.,  Philadelphia,  Pa. 

(3)  Journal,    Franklin    Inst.,    Philadel- 

phia, Pa.,  5i)c. 

(4)  Journal,  Western  Soc.  of  Eng.,  Mo- 

nadnock  Block,  Chicago,  111. 

(5)  Transactions,  Can.  Soc.  C.  E.,  Mon- 

treal, Que.,  Can. 

(6)  School  of  Mines  Quarterly,  Columbia 

Univ.,  New  York  City,  50c. 

(7)  Technology    Quarterly,    Mass.     Inst. 

Tech.,  Boston,  Mass.,  75c. 

(8)  Stevens  Institute  Indicator,  Stevens 

Institute,  Hoboken,  N.  J.,  50c. 

(9)  Engineering   Magazine,    New    York 

City.  30c. 

(10)  Cassier's  Magazine,  New  York  City, 

35c. 

(11)  Engineering  (London),  W.  H.  Wiley, 

New  York  City,  35c. 

( 12)  The  Engineer  (London),  International 

News  Co..  New  York  City,  35c. 

(13)  Engineering  Neivs,  New  York  City, 

15c 

(14)  The  Engineering  Record,  New  York 

City,  13c. 
(is)  Railroad   Gazette,   New  York  City, 
10c. 

(16)  Engineering   and    Mining   Journal, 

New  York  City,  15c. 

(17)  Street  Railway  Journal,  New  York 

City,  35c. 

(18)  Railway   and    Engineering    Review, 

Chicago,  111. 
(ly  Scientific  American  Supplement,  New 
Yoi-k  Citv,  10c. 

(20)  Iron  Age,  New  York  City,  10c. 

(21)  Railway    Engineer,    London,     Eng- 

land. 
{22)  Iron  and  Coal  Trades  Review,  Lon- 
don. Enerland. 

(23)  Bulletin,   American  Iron  and  Steel 

ASSOC,  Philadelphia,  Pa. 

(24)  American    Gaslight    Journal,    New 

Vork  Citv,  10c. 
(2.s)  American  Engineer,  New  York  City, 

(26)  Electrical  Review.  London,  England. 
(27;  ElecTrical  World  and  Engineer,  New 
York  City.  10c. 

(28)  Journal,  New  Ensrland  Water- Works 

Assoc,  Boston.  75c. 

(29)  Journal,   Society  of  Arts,   London, 

Eneriand. 

(30)  Annates    des     Travaux    Publics    de 

Belgique,  Brussels,  Belgium. 

(31)  Annates  deV  Assoc,  des  Ing.  Sortis 

des  Ec6le  Sviciale^  de  Gaud,  Brus- 
sdis,  Belgium. 
Note. — There  are  no  references  made  in  this  month's  list  to  German  and  Swedish 
periodicals. 


(32)  Memoirs  et  Compt  Rendu  des  Tra- 

vaux,   Soc    Ing.    Civ.    de  France 
Paris,  J'rance. 

(33)  Le  Ginie  Civil,  Paris,  France. 

(34)  Portefeuille    Economique    des    Ma- 

chines. Paris,  France. 
(35^   Nonvelles  Annates  de  la   Construc- 
tion. Paris,  France. 

(36)  La  Revue  Technique,  Paris,  France. 

(37)  Revue  de  Mecanigue,  Paris,  France. 

(38)  Revue  Gen&rale  des  Chemins  de  Fer 

et  des  Tramways,  Paris.  France. 

(39)  Railway  Master  Mechanic,  Chicago, 

111. 

(40)  Raihray  Aae,  Chicago,  111.,  lOc. 

(41)  Modern  Machinery  ,Ghica,so.  III.,  iOc. 

(42)  Trdiisaclions.  Am.  Inst.  Elec.  Eng., 

New  York  City,  50c. 

(43)  Annates    des    Fonts    et    Chaussees, 

Paris.  France. 

(44)  Journal,    Military    Service    Institu- 

tion, Governor's  Island,  New  York 
Harbor,  75c. 

(45)  Mines  and  Minerals,  Scranton,   Pa. 

20c. 

(46)  Scientific  American,  New  York  City. 

10c. 

(47)  Mechanical   Engineer,     Manchester 

England. 

(48)  Zeitschrift  des  Vereines  Deutscher  In 

genieure,  Berlin,  Germany. 

(49)  Zeitschrift  fUr  Bauwesen,  Berlin,  Ger- 

many, 
(so)  Stahl  und  Eisen,   Duesseldorf,  Ger 
many. 

(51)  Deutsche    Bauzeitung,    Berlin,    Ger- 

many. 

(52)  Rigasche     Industrie- Zeitung,     Riga, 

Russia. 

(53)  Zeitschrift    des  oesterreichischen  In- 

genieur  und  Architekten   Vei'ei7ies, 
Vienna,  Austria. 

(54)  Den   Tekniske  Forenings    Tidsskrift, 

Copenhagen,  Denmark. 

(55)  Ingeni6ren,  Copenhagen,  Denmark. 

(56)  Teknisk  Tidskrift,   Stockholm,    Swe- 

den. 

(57)  Teknisk Ugeblad.  Christiania,Norway. 

(58)  Proceedings,   Eng.    Soc.    W.   Pa.,  410 

Penn  Ave.,  Pittsburg,  Pa.    50c. 

(59)  Transactions,    Blining     Institute    of 

Scotland.   London  and  Newcastle- 
upon-Tyne. 

(61)  Proceedings,  Western  Railway  Club, 

285  Dearborn  St.,  Chicago,  111.,  25c. 

(62)  American    Manufacturer    and   Iron 

World,  59  Ninth  St.,  Pittsburg,  Pa. 

(63)  Minutes  of  Proceedings,  Inst.  C.  E  , 

London,  England. 
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LIST  OF  ARTICLES. 
Bridge. 

Notes  on  Pile-DrivinK.    James  C.  Hough,     (i)  Sept. 

Proposed  Specifications  tor  Steel  Railroad  Bridges.*    J.  W.  Schaub.     (4)  Oct. 

A  Study  of  Continuous  Girdeis.    (21)  Oct. 

The  Modified  Design  for  the  Memorial  Bridge  over  the  Potomac  River  at  Washington.* 

(14)  Oct.  13. 
Reiiifdicing  the  Niagara  Cantilever.*    (14)  Serial  beginning  Oct.  13,  ending  Oct.  20. 
Concrcti'  lifasinirv  on  tlie  Jaiiesville  &  Southeastern.*     118)  Oct.  13. 
A  luao-Fuiit  Susuension  Hridge  Span.*    (14)  Oct.  20. 
Old  Uirders.*     (12)  ( )ct.  2(). 
Erecting:  Three  Notable  Bridges.     (14)  Oct.  27. 
Pneumatic  Field  Riveting  in  Railway  Bridge  Work.     (14)  Oct.  27. 
Temporary  Foot  Bridge  for  Placing  the  Cables  of  the  New  East  River  Bridge.*    (14) 

Oct.  27. 
Improvement  in  Bridge  Construction.     (3)  Nov. 
An  interesting  Bridge  Removal.*    (14)  Nov.  3. 
The  Ferry  Bridge  at  Bizerta.*    (19)  Nov.  3. 
The  Strengthening  of  Two  Important  Bridges.*    (40)  Nov.  9. 
Widening  a  Stone  Arch  Bridge.*    (18)  Nov.  10. 
The  New  Chain  Bridge  at  Budapest.*    (14)  Nov.  10. 
Montages  des  Ponts  et  Charpentes.*    M.  Michel  Schmidt.     (32)  Sept. 

Electrical. 

The  Pacific  Cable.     (26^  Sept.  14. 

Electrical  Power  Transmission  in  Smelting  Works.*    (26)  Sept.  14. 

The  New  Electricity  Works  of  the  Glasgow  Corporation.*    (26)  Serial  beginning  Sept. 

21.  encline  Oct.  19. 
Ohm's  Law  Aoplied  to  the  Calculation  of  Drop  in  Constant  Current  Circuits.    Prof. 

Albert  F.  Ganz.     (8)  Oct. 
Otto  Wolf's  Standard  Resistancss  in  Electrical  Measurement.*    Wallace  M.  Hill.     (8) 

Oct. 
The  City  and  South  London  Electric  Railway.*    (12)  Oct.  5. 
The  Paderno  Electric  Power  Station.*    (26)  Oct.  5. 

Proeressin  Arc  Lighting  by  Alternating  Current  Lamps.    H.  W.  Hillman.     (26)  Oct.  5. 
Electric  Furnaces.     (29)  Oat.  5. 
The  Electric  Automobile  from  a  Commercial  Point  of  View.*    Robert  A.  Fliess.    (27) 

Serial  beginning  Oct.  6,  ending  Oct.  27. 
Breakdov.-ns  in  Electrical  Machinery.     (47)  Oct.  6. 
Systems?  and  Apparatus  tor  Light  and  Power  Distribution.     G.   P.   St«inmetz.     (24) 

Sf  rial  beerinuing  Oct.  8,  ending  Oct.  15. 
Some  Interesting  Faults  met  with  in  Cable  Manufacture.    J.Wright.     (26)  Oct.  12. 
Polyphase  Railway  Apparatus  and  Methods.*    Louis  Bell.     (17)  Oct.  13. 
The  Designing  of  Large  Tramway  Generators.     Horace  F.  Parshall.     (i7)  Oct.  13. 
The  Electric  Railway  Motor.    John  Lundie.     (17)  Oct.  l.S. 
Jmnrovements  m  Telephone  Toll  Line  Switchboards.*    (27)  Oct.  13. 
A  New  Constant-Potential  Continuous  Current  Transformer.*    F.    W.   Davies.      (26) 

Oct.  19. 
The  Pollak-Virclg  Telegraph:   Further  Developments.*    Chas.  H.  Garland.     (26)  Serial 

bpsrinning  Oct.  19.  ending  Oct.  26. 
The  Traction  Power  Plant  of  the  Paris  Exposition.*    (27)  Oct.  20. 
An  Electric  Traveling  Crane  Designed  Especially  for  Handlmg  Ingots.*    (62)  Oct.  25. 
Why  Electric  Car  Wheels  Slip.    Eugene  C.  Parkham.     (26;  Oct.  26. 

Notes  on  the  Testing  of  Modern  Dielectrics  at  High  Voltages.     J.  Wright.     (26)  Oct.  26. 
The  Electric  Fire  Automobiles  of  the  Paris  Fire  Department.*    (46)  Oct.  37. 
Electricitv  in  the  Printing  Office.*    \V.  H.  Tapley.     (10)  Nov. 
Electric  Wiring  in  Mines.     (45)  Nov. 
^Electric  Plant  Operated  by  Gas.     (62)  Nov.  1. 

Electric  Power  at  the  Patent  Shaft  and  Axletree  Company's  Works.     (11)  Nov.  2. 
Electrical  Develojiment  Schemes  in  India.*    (26)  Nov.  2. 
Electric  Machines  at  the  Exposition  of  1900.*    (19)  Nov.  3. 
The  Muskegon,  Mich.,  Independent  Telephone  Exchange.*    (27)  Nov.  3. 
A  new  System  for  Measured  Telephone  Service.*    (27)  Nov.  3. 
The  Independent  Telephone  System  at  Pittsburg,  Pa.,  of  the  Pittsburg  &  Allegheny 

TeleDhone  Company.*    Kempster  B.  Miller.     (27)  Nov.  3. 
Electrolysis  in  Reading,  Pa.*    A.  A.  Knudson,  M.  Inst.  E.  E.     (14)  Nov.  10. 
An  Electrical  Lead-Mining  Plant  in  Missouri.*    (26 )  Nov.  10. 
Les  Dynamos  de  la  Compagnie  Internationale  d'filectricitS  a  I'Expositiou  Universelie  de 

1900.*    PaulSarrey.     (36)  Oct.  10. 
L'ficlairage  Iillectrique  des  Voitures  de  Chemin  de  Fer.*    (36)  Oct.  25. 

Marine. 

German  Merchant  Marine  at  the  Paris  Exhibition.*    (11)  Oct.  12. 

H.  M.  S.  Essex.*    (12)  Oct.  12. 

Launch  of  the  Monitor  Wyoming*    (46)  Oct.  18. 

The  Steaming  Radius  and  the  Most  Economical  Speed  of  Steam  Vessels.    (13)  Oct.  18. 

Battleships  Removed  from  the  Effective  List.*    (12)  Oct.  19. 

*Illustrated. 
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Marine— (Continued.) 

Reconstruction  in  Concrete  of  Dry  Dock  No.  2,  New  York  Navy  Yard.*    (46 )  Oct.  20. 
The  New  750-Ft.  Dry-Dock  of  the  San  Francisco  Dry-Dock  Co.,  at  Hunter's  Point,  Cal.* 

(13)  Oct.  25. 
Life-Saving  Appliances  at  the  Paris  Exhibition.     (12)  Oct.  26. 
The  Urasa  Docks,  Japan.*    ( 12)  Nov.  2. 
The  Twin-Screw  Steam  Yacht  Arroiv*    (19)  Nov,  3. 
Atlantic  Steamships — Present  and  Future.*    (46)  Nov.  10. 
Cuirass6  Japonais.*    Daniel  Belief.    (36)  Oct.  25. 

Mechanical. 

Helve  Hammers  vs.  Steam  Hammers.     (39)  Oct. 

A  New  Tool  Steel  with  Remarkable  Cutting  Properties.     (39)  Oct. 

The  Bilgram  Machine  for  Cutting  Gear  Teeth.*    (20)  Oct.  11. 

Some  Notes  on  Fuel  Gases.     (12)  Oct.  12. 

Temperley  Transporter  at  the  Viscaya  Works,  Bilbao.*    (22)  Oct.  12. 

A  Remarkable  Test  of  a  Wooden-Rirn  Pulley.*    (14)  Oct.  13. 

Tool  Steels.     (18)  Oct.  13. 

Culm  Banks  and  Fuel  Gas.    Alton  D.  Adams.     (46)  Oct.  13. 

Trials  of  Steam  Engines  with  and  without  Jackets.     (47)  Oct.  13. 

Separate  Gas  Producers  for  the  Heating  of  Retort  Benches.*    (24)  Oct.  15. 

A  Nevr  Moving  Stairway.*    (13)  Oct.  18. 

Heat  and  Power  from  the  Waste  Gases  of  Blast  Furnaces.*  F.  W.  Gordon.    (20)  Oct.  18. 

Heavy  Motor  Car  Trials  in  Paris.    (12)  Oct.  19. 

Some" Mechanical  Engineering  Exhibits  at  Paris.*    (22)  Serial  beginning  Oct.  19,  ending 

Oct.  26. 
Lubrication  in  Rolling  Mills.     (22)  Oct.  19. 

The  Mechanical  Handling  of  Coal,  Ore  and  Pig-iron.*    (22)  Oct.  19. 
The  Incandescent  Gas  Mantle  and  Its  Uses.     Vivian  B.  Lewes.     (29)  Oct.  19. 
Theisen's  Centrifugal  Gas-Purifying  Process.*    (22)  Oct.  26. 
An  Improved  Glass  Revealer  for  Studying  Condensation  in  Steam  Cylinders.*    (22) 

Oct.  26. 
The  Production  of  Cyanides  in  Gas  Works.    Dr.  Bueb.     (16)  Oct.  S7. 
Blast  Furnace  Gas  Motor.*    ( 19)  Oct.  27. 

Heating  and  Lighting  Power  of  Coal  Gas.    T.  Fairley.     (24)  Oct.  29. 
The  Application  of  Water-Tube  Steam  Generators  for  Naval  Service.*    B.  H.  Thwaite. 

(9)  Nov. 
Smoke  Abatement:  The  Radical  Solution  of  the  Pi-oblem.*    William  H.  Bryan,  M.  Am. 

Soc.  C.  E.     (10 1  Nov. 
Continental  Steam  Engine  Practice:  Some  Briti.sh  Observations  at  the  Paris  Exhibition.* 

W.  D.  Wansbrough.     (10)  Nov. 
Foreign  Machine  Tools  at  the  Paris  Exhibition.    Joseph  Horner.     (10)  Nov. 
Compressed  Air  Locomotive.*    (45)  Nov. 

Should  a  Gas  Engine  Be  Compoimded?*    E.  W.  Roberts.     (41)  Nov. 
A  Large  Gas  Engine  and  Electric  Power  Plant.*    (20)  Nov.  1. 
The  Secor  Internal  Combustion  Engine.*    (20)  Nov.  1. 
Machine  Tools.*    (11")  Nov.  2. 

New  Blowing  Engines  on  Tees-side.*    (22)  Nov.  2. 

A  New  Form  of  Caloi-imeter  for  Measuring  the  Wetness  of  Steam.*    Prof.  John  Good- 
man, M.  Inst.  C.  E.     (47)  Nov.  3. 
A  Fuel  Oil  Barner.*     (47)  Nov.  3. 
Inclined  Retorts.    A.  H.  Barret.     (24)  Nov.  5. 
Gas  Engines.     (24)  Nov.  5. 

Commodore  Isherwood  on  a  New  Theory  of  the  Steam  Engine.     (14)  Nov.  10. 
Essais  Pr61iminaires  k  la  Navigation  A6rienne  au  Long  Cours.*    Leo  Dex.     (36)  Serial 

beginning  May  10,  ending  Sept.  10. 
Chaudiere  Aquitubulaire  Systeme  Joya.*     (36)  Oot.  10. 
Exposition  de  1900:  Machines  a  Vapeur  a  Grande  Vitesse,  Systeme  E.  Mertz.*    (33)  Oct.  13. 

Metallurgical. 

The  Manufacture  of  Steel  on  the  Basic  Open-Hearth.    Thomas  Turner.     (47)  Sept.  8. 

Applications  of  Petroleum  to  Metallurgy  and  the  Glass  Industry.*    (19)  Oct.  20. 

New  Bessemer  Plant  of  the  Republic  Ii'on  and  Steel  Company.*    (22)  Oct.  26. 

The  Chemistry  and  Physics  of  Cast  Iron.*    (3)  Nov. 

A  New  Method  of  Producing  High  Temperatures.    Ernest  F.  Lange,  F.  C.  S.     (13) 

Nov.  1. 
Specifications  for  Foundry  Materials.    C.Scott.     (20)  Nov.  1. 
Burning  or  Mending  of  Castings.    Edward  B.  Gilmore.     (62)  Nov.  8. 
Machine  Molding.    I.  L.  MoCord.     (20)  Nov.  8. 
The  Dominion  Iron  &  Steel  Company,  Limited.*    (20)  Nov.  8. 

Military. 

War  Material  at  the  Paris  Exhibition.*    ( 12 )  Serial j beginning  Aug.  31,  ending  Oct.  5. 
Armor  Plate  Trials.*    (12)  Oct.  5. 

Maximite:  A  New  High  Explosive  for  Armor-Piercing  Projectiles.*    (13)  Nov.  1. 
Canons  a  Tir  Rapide  de  Bord.  Champagne,  Siege  et  Place.    M.  G.  Canet.     1^32)  Sept. 
ProgrSs  Realises  dans  la  Fabrication  des  Blindages  depuis  1889.    M.  E.  Dehnas.     (32) 
Sept. ^ 

♦Illustrated. 
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Mining. 

An  Indian  Colliery  and  Its  Miners.    Henry  M.  Cadell.     (Sg)  Pt.  4. 

An  Ordinary  Miner's  Boring-Machine  Adapted  for  Boring  against  Wastes.*    Robei't 

JIartin.     (59)  Pt.  4. 
Mining  Practice  in  Butte,  Montana,  Copper  Mines.*    R.  B.  Brinsmade.     (45)  Serial  be- 

gnniing  Oct..  ending  Nov. 
Tong  ("oUiery.  Kaipiug,  North  China.*    Thomas  Webster    (22)  Oct.  5. 
Conipresseil-Air  Haulage  in  Coal  Mining.    J.  H.  Bowden.     (15)  Oct.  12. 
Preventing  P'alls  of  Roof  in  Coal  Mines.*     ( 16)  Oct.  13. 
The  Kffect  of  Contractions  in  Area  of  Passages  in  Mine.  Ventilation.*    Paul  Petit,     (id') 

Oct.  13. 
How  Mines  Should  Be  Examined?*    O.  H.  Packer.     (16)  Oct.  20. 
Tapered  r.s>.  Non-Tapered  Props.*    S.  J.  Bridges.    (22)  Oct.  26. 
Coal  Mines  at  Streator.*    A.  Dinsmore.     (45)  Nov. 

The  "  Down  Town  ■■  Mines  of  Leadville.*  Prof.  Arthur  Lakes.  (4S)  Nov. 
La  Galerie  iles  Mines  de  Gardanne  a  la  Mer.*  G.  Leugny.  (36)  Sept.  25. 
L'Abatage  Mecanique  de  la.Houille  aux  fitats-Unis.    M.  A.  de  Gennes.     (32)  Sept. 

Municipal. 

Bacterial  Studies  of  the  Healthfulness  of  Street  Pavements  of  Lafayette,  lud.*    Daniel 

B.  Luten  and  Severance  Burrage.     (13)  Oct.  13. 
Road  JIaintenance  in  Kent.  England.    F.  W.  Ruck.     (14)  Oct.  13. 
Concrete  and  Steel  Sidewalk.*     (13)  Nov.  1. 
Oiled  Roads  and  'I'heir  Benefit.     T.  F.  White.     (14)  Nov.  10. 
The  Repair  of  a  Broken  36-lnch  Outlet  Pipe  from  a  Gasholder.*    (24)  Nov.  12. 

Railroad. 

Some  Notes  on  Rail  Joint  Fastenings.*  F.  C.  Schmitz.  (15)  Serial  beginning  July  27, 
ending  Oct.  26. 

Low-Pressure  Pneumatic  System  of  Working  Points  and  Signals.*  (21)  Serial  begin- 
ning August,  ending  Oct. 

The  Friction  of  Brake  Shoes  under  Various  Conditions  of  Pressure.  Speed  and  Tempera  - 
ture.    Prof .  R.  A.  Smart.     (61)  Sept. 

Transition  Curves.    J.  H.  Lary.     (4)  Oct. 

Hibbard's  Triple  Valve.*    (21)  Oct. 

Tank  Engines  for  2  ft.  6  in.  Gauge  Railway.*    ( 21 )  Oct. 

A  3Iethod  of  Cost  Keeping.    David  Van  Alstine.     (39)  Oct. 

The  Uganda  Railway.*     (12)  Serial  beginning  Oct.  5,  ending  Oct.  26. 

A  New  Form  of  Rack  Rail  for  Mountain  Railways.*    (13)  Oct.  11. 

Notes  on  Maintenance  of  Way  Engineering:  Setting  Track  Centers.     (i5)  Oct.  12. 

Twelve-Wheel  vvide  Fire-Box  Freight  Locomotive— Buffalo,  Rochester  &  Pittsburgh 
Ry.*    (15)  Oct.  12. 

Metal  Cars.     (15)  Oct.  12. 

Eyes  and  Headlights.     (15)  Oct.  12. 

Widening  Banks  and  Ballasting  on  the  Kansas  City  Southern  Railway.*     (40)  Oct.  12. 

At  the  Paris  Exposition:  British  Locomotives  Exhibited  by  Four  Great  English  Railway 
Companies.*    (40)  Oct.  12. 

Cars  and  Car  Service  in  Metropolitan  New  York.*    H.  H.  Vreeland.     (17)  Oct.  13. 

The  Standard  Cars  of  the  Metropolitan  Street  Railway  Company  of  New  York.* 
Thomas  Millen.     (17)  Oct.  13. 

French  High  Speed  Locomotive.*    (18)  Oct.  13. 

The  Guayaqviil  &  Quito  Railway.    John  Y.  Bayliss.     (18)  Oct.  13. 

Highway  Grade  Crossing  Alarms.    J.  S.  Evans.     (18)  Oct.  13. 

The  Street  Railway  Situation  in  the  Two  Kansas  Cities.*    (17)  Oct.  13. 

Electric  Railway  Practice  in  France.*    A.  N.  Connett.     (17)  Oct.  13. 

The  Street  Railways  of  Rio  de  Janeiro.*    ( 17)  Oct.  13. 

The  Berlin  Electric  Elevated  Road.*    (17)  Oct.  13. 

An  Interlocking  System  Applied  to  Grade  Crossings.*    (17)  Oct.  13. 

The  Fastest  Trains  of  the  World  in  1899.     (19)  Oct.  13. 

Committee  Reports  at  the  St.  Louis  Meeting  of  the  Association  of  Railway  Superinten- 
dents of  Bridges  and  Buildings.     ( 13)  Oct.  IH. 

High-Speed  Locomotive  for  International  Express  Service;  Schneider  &  Co.  Exhibit. 
Paris  Exposition.*    (131  Oct.  18. 

At  the  Paris  Exposition:  Locomotives  Exhibited  in  the  Italian  and  Russian  Sections.* 
(40)  Oct.  19. 

Snow  and  Snow  Plows.    Richard  E.  Danforth.     (17)  Oct.  20. 

Geared  Locomotive  for  the  McCloud  River  Railroad.*    (19)  Oct.  20. 

The  Preservation  of  Ties  on  the  Southern  Pacific  Ry.     (13)  Oct.  25. 

A  Passenger  Locomotive  with  a  Superheater;  Prussian  State  Railways.*    (13)  Oct.  25. 

Concrete  Masonry  on  Railroads.     (18)  Serial  beginning  Oct.  27,  ending  Nov.  3. 

Recent  Street  Railway  Extension  in  Glasgow.*    J.  A.  Stewart.     (19)  Oct.  2~. 

The  Locomotive  Exhibit  at  the  Paris  Exhibition.*    Charles  Rous-Marten.     (9)  Nov. 

The  Development  of  Electric  Railways  in  Italy.*    (9)  Nov. 

Express  Locomotive  with  Auxiliary  Driving  Axle.*    (21)  Nov. 

Superheaters  and  Steam  Jackets  for  Locomotives.*    (25)  Nov. 

Performance  of  "  Northwestern  "  Type  Locomotives — Chicago  and  Northwestern  Rail- 
way.*   (25)  Nov. 

♦Illustrated. 
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Railroad— (Contin  ued ) . 

What  Motive  Power  Officers  Consider  Important.     (25)  Nov. 

Track  Tank  Water  Scoop,  for  High  Speed  Locomotives,  Lake  Shore  &  Michigan  Southern 

Railway.*    (25)  Nov. 
Large  Locomotive  Fireboxes;  Their  Influence  on  Combustion.    A.  Bement.     (25)  Nov. 
Liquid  Fuel  for  Locomotives.     (15)  Nov.  2. 
Piston  Valves.*    Wilson  Worsdell.     (15)  Nov.  2. 

The  Workinj;  of  Suburban  Passenger  Traffic.    H.  G.  Drury.     (i5)  Nov.  2. 
The  Ilphuiliiinu' of  the  Union  Pacific.     {40)  Nov.  2. 
Wrecking  Outfit,  Pennsylvania  Lines  West.*    (18)  Nov.  3. 

Locomotive  Terminal  of  the  French  Eastern  Railway  at  Noisy-le-Sec*    (18)  Nov.  3. 
Reorganization  of  Operating  Department,  Southern  Ry.*    (18)  Nov.  3. 
Selecting  Locations  for  Automatic  Signals.    C.C.Rosenberg.     (13)  Nov.  8. 
Notes  on  Steam  Shovels,    us)  Nov.  9. 
The  Relative  Advantages  of  Narrow  and  Standard  Gages  for  Electric  Roads.     F.  Gun- 

derloch.     (17)  Nov.  10. 
The  balk  Cast- Welded  Joint.    J.Fischer-Dick.     (17)  Nov.  10. 
Locomotive  a  Grande  Vitesse,  Syst^me  Thuile.*    M.  L.  Provost.     (32)  Sept. 
Chemins  de  Fer  de  Paris  a  Lyon  et  il  la  Mediterran^e:  Notice  sur  les  Objets  Exposes  par 

le  Service  de  PExploitiition  A  I'Exposition  Universelle  de  1900.*    (38)  Sept. 
Le  Chemin  de  Fer  Mrtmijiihtnin  de  Paris.*    Raymond  Godfernaux.     |38)  Sept. 
Les  Traverses  d'Acier  an  (hemin  de  Fer  de  I'fitat  k  Sumatra.     (36)  Sept.  25. 
Compagnie  des  Chemins  de  Fer  de  I'Ouest:  Notice  sur  le  Mat6riel,  les  Objets   et  les  Des 

sms  Pr6sent6s  par  le  Service  du  Materiel  et  de  la  Traction  a  I'Exposition  Universelle- 

del900.*    (38)  Oct. 
Excavateur  en  Fouille.*    (33)  Oct.  6. 

Les  Locomotives  Russes  &  TExposition  Universelle.*    Pierre  de  M6riel.     (36)  Oct.  25. 
Le  Tunnel  du  Simplon.*    A.  Dumas.     {33)  Oct.  27. 

Sanitary. 

The  Disposal  of  House  Refuse  in  Bradford.    J.  McTaggart.     (26)  Sept.  14. 

Garbage  Disposal  Works,  Syracuse,  N.  Y.*    (13)  Oct.  11. 

The  Unsuccessful  Sewage  Purification  Plant  at  Madison,  Wis.     (13)  Oct.  11. 

A  Large  Residence  Heating  Apparatus.*     (14)  Oct.  13. 

Refuse  Destructor  at  Llandudno.  Wales.*    (17)  Oct.  13. 

Ridgevvay's  Automatic  Sewage  Distributor.*    (47)  Oct.  13. 

Plumbing  in  the  Cornell  Medical  College.*    114)  Oct.  20. 

Converting  Portions  of  the  Los  Angeles  Outfall  Sewer  into  a  Septic  Tank.     (13)  Nov.  8  . 

Heating  and  Ventilation  in  a  Small  School-house.*    (14)  Nov.  10. 

Structural. 

Tests  of  Concrete  for  Elastic  Properties  and  Ultimate  Strength.    W.  H.  Henby.     (i) 

Sept. 
Monier  Constructions*    E.  Lee  Heiilenreich,  M.  W.  S.  E.     (4)  Oct. 
Some  Defects  in  Buildings.     William  0.  Ludlow.     (8)  Oct. 
The  Strength  of  Wrought  or  Malleable  lion.*    (47)  Oct.  6. 
"  Broadway  Chambers  "—Exhibits  at  the  Paris  Exposition.*    (46)  Oct.  13. 
The  Chimney  of  the  Metropolitan  Street  Railway  Company's  Power- House,  New  York  * 

William  Wallace  Christie.     (i5)  Oct.  19. 
Testing  Foundations  Under  Difficult  Conditions.     (14)  Oct.  20. 
Foundations  of  the  Electrical  Palace  at  the  Paris  Exposition.*    (14)  Oct.  27. 
The  Mechanical  Plant  of  a  Large  Apartment  House.*    (14)  Oct.  27. 
Annual  Meeting,  American  Section,  International   Association    for  Testing  Materials. 

(13)  Nov.  1. 
The  Gill  Building,  New  York.*    (14)  Nov.  3. 

Portland  Cement:  Sketch  of  Materials  and  Process.    S.  B.  Newberry.     (14)  Nov.  10. 
Charpente  Metallique  du  Nouvel  Hippodrome  de  Paris.*     Leon  Griveaud.      (35)  Serial 

beginning  Sept.,  ending  Oct. 
Caserne  Municipale  de  Sapeurs-Pompiers,  Rue  Carpeaux,  k  Montmartre  (Paris).*     L. 

Rivoalen.     (35;    Oct. 

Topographical. 

The  Survey  of  the  United  States  and  Mexican  Boundary.     (13)  Oct.  11. 

Water  Supply. 

A  Comparative  Study  of  the  Methods  Used  for  the  Measurement  of  the  Turbidity  of 

Water.    George  (i.  Whipple  and  Daniel  D.  Jackson.     (7)    Sept. 
A  E"ew  Notes  on  Cast-iron  Pipe.*    (28)  Sept. 
Cement-Lined  Service  Pipes.     Fayette  F.  Forbes.     (28)  Sept. 
The  Construction  of  the  Fells  Reservoir  for  the  Metropolitan  Water-Works.*    John  L. 

Howard.     (28)  Sept. 
The  Ozonization  of  Water.    George  A.  Soper.     (28)  Sept. 
Water- Works  Statistics  for  the  years  1897,  1898  and  1899,  in  Form  Adopted  by  the  New 

England  Water-Works  Association;  compiled  by  Joseph  E.  Reals.     (28)  Sept. 
Wooden  Joints  in  Cast-Iron  Water  Mains.     William  Murdoch.     (28)  Sept. 

*Illustrated. 
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Water  Supply— (Continued). 

Performance  of  the  Twelvc-Million-Gallon  Allis  Pumpinj?  Engine  at  Haekensack,  N.  J., 
and  Comparative  Dati  from  Tests  of  the  Base  Three  Contsniporary  Pumping 
Engines.     Prof.  James  E.  Denton.     (8)  Oct. 

The  Condition  of  Water  and  Power  Development  in  Southern  California.*  L.  K.  Sherman, 
M.  W.  S.  E.     (4)  Oct. 

Economical  Dimensions  of  Rectangular  Filter  Beds.*    John  H.  Gregory,  Jun.  Am.  Soc. 

C.  E.     (13)  Oct.  11. 

Successful  Water  Purification:  Method  of  Softening  Water  at  the  Empire  Portland 

Cement  Co.  Plant,  Warners,  N.  Y.*    (62)  Oct.  11. 
Irrigation  in  India.     (.20)     Oct.  12. 

The  Birmingham  Welsh  Water  Scheme.*    (12)  Oct.  13. 
Rendering  the  Water  of  the  Seine  Wholesome.*    (19)  Oct.  13. 
The  Chestnut  Hill  Pumping  Stations  of  the  Metropolitan  Water- Works,  Boston.*  Alfred 

D.  Flinn,  Assoc.  M.  Am.  Soc.  C.  E.     (14)  Serial  beginning  Oct.  13,  ending  Oct.  27. 
Pumping  Engines  foi-  the  Coolgardie  Pipe  Line.*    (13)  Oct.  18. 

Lifting  Water  by  Compressed  Air.*    Clark  Howell.     (20)    Oct.  25. 

The  Recent  Water  Famine  in  Paris;  Water  Waste  and  Purification.     (13)  Oct.  25. 

The  Orange  Water- Works  Extension.     (14)  Oct.  27. 

Standard  Methods  of  Water  Analysis.     (13)  Nov.  1. 

Diagram  Giving  Discharge  of  Pipes  by  Kutter's  Formula.*  John  H.  Gregory,  Jun.  Am. 
Soc.  C.  E.     (14)  Nov.  3. 

The  Pollution  of  Public  Water  Supplies.     (14)  Nov.  3. 

The  St.  Lawrence  Power  Plant  at  Massena.*    (14)  Nov.  3. 

Water  Filtration  in  (iermany.    E.  Beer.     (14)  Nov.  3. 

Another  Great  Hydraulic  Power  Plant:  The  St.  Lawrence  Power  Company's  Undertak- 
ing.*   (20)  Nov.  8. 

Waterways. 

Hoogli  River— Proposed  Deep  Water  Approach  to  Calcutta.*    Lindon  W.  Bates.      (4) 

Oct. 
Electrical  Dredge  for  the  Valga  River,  Russia.*    (46)  Oct.  13. 
Jetty  Construction  at  Bilbao  and  Zeebrugge.*    (i2t    Nov.  2. 
A  Timber  Steamship  Pier  and  Shed.*    (14)  Nov.  3. 
Reconstruction  d'un  Mur  de  Quai  au  Canal  de  Kiel.*    (35)  Oct. 
Le  Canal  de  1'  Elbe  a  la  Trave.*    Georges  Henry.     (33)  Oct.  13. 
Les  Ports  Tunisiens.*    G.  Leugny.     (36)  Oct.  25. 
L'filevatioii  >lecanique  de  Bief  en  Bief  des  Eauxd' Alimentation  du  Canal  de  Bourgogne. 

M.  Eil.  Watteeuw  et  M.  D.  Bouckaert.     (31)    Pt.  3,  1900. 
Redressement  de  I'Escaut  en  Aval  d'Anvers.    C.  J.  van  Mierlo.    (31)    Pt.  3,  1900. 

♦Illustrated. 
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Unless  otherwise  specified,  books  in  this  Hst  have  been  donated  to  the  Library 
by  the  Publisher. 


TEXT=BOOK  ON  THE  MECHANICS  OF  MATERIALS, 

And  of  Beams,  Columns  and  Shafts.  By  Mansfield  Merriman.  Ninth 
Edition,  Revised.  Cloth,  9  x  6  ins.,  368 "pp-  '  New  York,  John  Wiley  & 
Sons,  1900.     -M-OO.     (Donated  by  the  Author.) 

The  preface  states  that  this  work  is  designed  for  the  use  of  classes  in  technical 
schools  and  colleges.  Extended  tables  of  the  results  of  tests  on  different  kinds  and 
qualities  of  materials  are  not  given.  The  attempt,  however,  has  been  made  to  state 
average  values  of  tlie  quantities  which  express  the  strength  and  elasticity  of  what  may 
be  called  the  six  principal  materials.  The  headings  of  chapters  are:  Resistance  and 
Elasticity  of  Materials;  Pipes,  Cylinders  and  Riveted  Joints;  Cantilever  Beams  and 
Simple  Beams;  Restrained  Beams  and  C'  'ntinuous  Beams;  Columns  or  Struts;  Torsion 
and  Shafts;  Combined  Stresses;  The  Strength  of  Materials;  The  Resilience  of  Materials; 
Tension  and  Compression;  Flexure  of  Beams;  Shear  and  Torsion;  Apparent  Stresses  and 
True  Stresses;  Stresses  in  Guns;  Plates,  Spheres  and  Columns;  Appendix. 

TREATISE  ON  HYDRAULICS. 

By  Mansfield  Merriman.  Seventh  Edition,  Revised.  Cloth,  9  x  & 
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Although  the  seoi^e  and  importance  of  this  paper  are  not  of  a 
nature  requiring  phrases  or  mottoes  to  introduce  it,  the  writer  cannot 
refrain  from  stating  in  a  few  words  the  reasons  actuating  him  in 
writing  it  and  in  constructing  the  accompanying  diagrams  and  tables. 

Even  if  one  knows  by  heart  some  of  the  more  important  formulas 
of  aj)plied  structural  mechanics,  the  following  axiom  will  govern  their 
general  usefulness  : 

"Good  formulas,  however  short,  are  of  almost  no  value  in  hurried 
daily  pi-actice,  where  quick  and  accurate  results  are  expected,  unless 
jiresented  in  the  shape  of  tables." 

These,   again,  are  serviceable  only  when  in  such  profusion,  and  so 

extended  into  final  results,  that,  after  having  been  consulted  once,  no 

further   computations   need  be   performed.      They   must,    also,    meet 

current   demands   regarding  the  information    they    are    expected    to 

furnish  for  all  the  ordinary  j^roblems  coming  under  their  headings. 

Note. — These  papers  are  issued  before  the  date  set  for  presentation  and  discussion. 
Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting,  and  may  be 
sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will  be  published  in  a 
subsequent  number  of  Proceedings,  and,  when  finally  closed,  the  papers  with  discussion 
in  f  uU  will  be  published  in  Transactions. 
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Tlie  writer,  autl  no  doubt  many  others  with  him,  when  making 
structural  computations,  not  having  at  his  disposal  labor-saving  de- 
vices, in  the  shape  of  suitable  diagrams  and  tables,  and  when  not 
wishing  to  depend  on  results  of  rules  of  thumb,  has  found  the  fore- 
going axiom  to  be  vexatiously  true. 

Having  had  to  compute  plate  girders  quite  frequently,  and  having 
found  the  figuring  of  rivet  spacing,  buckling  values  of  webs,  location 
of  stiflfeners,  etc.,  by  formulas,  a  slow,  time-cousuming  operation,  the 
writer  determined  to  make  a  short  cut  for  solving  such  problems,  and 
hopes  that  the  burdens  of  those  who  have  to  compute  plate  girders 
wiU  be  lessened  by  the  use  of  the  method  presented  herewith. 

It  is  hoped  that  the  reader  will  not  object  to  being  reminded  of  the 
virtues  jjossessed  by  the  "method  of  graphical  statics,"  which  excels 
greatly  the  analytic  method  of  solving  problems  in  structural  me- 
chanics. It  furnishes  at  once  not  only  particular,  but  all  possible, 
values  and  conditions  of  forces  and  stresses  acting  upon  structures. 
Formulas  of  the  analytic  method,  on  the  contrary,  furnish  only  one 
value  at  a  time.  Graphical  statics  reveals  to  the  eye  the  play  of  forces 
and  stresses;  nothing  is  hidden;  it  gives  object  lessons  instead  of 
abstract  demonstrations.  It  possesses,  in  itself,  a  complete  check 
of  its  operations  and  its  results,  or  it  can  be  made  to  do  so  in  an 
easy  manner.  The  analytic  method,  it  is  true,  gives  absolutely 
correct  results,  but  only  in  theory,  and  for  the  assumed  conditions. 
Such  exact  fulfilment  in  assumptions  and  results  cannot  be  realized 
in  any  case,  in  the  working  of  the  forces  in  the  universe  or  in  any 
structure. 

All  who  have  used  both  methods  agree  that  the  graphical  is  shorter, 
more  comprehensive,  and  in  full  accord  with  assumptions  and  jorac- 
tical  conditions.  The  results  obtained  thereby  are  just  as  accurate 
and  as  true  as  the  assumed  conditions  on  which  the  computation  is 
based. 

Versatility  with  this  method  (acquired  by  constantly  using  it)  is  nec- 
essary to  appreciate  fully  its  perfect  qualities  in  solving  the  most 
simple  as  well  as  the  most  intricate  problems,  statical  or  elastic,  of 
applied  mechanics.  It  is  to  be  mentioned,  however,  that  all  graphical 
solutions  start  from  analytic  formulas,  and  can  never  be  applied  to 
advantage  without  first  having  had  a  thorough  training  in  the  analytic 
handling  of  the  problems  of  applied  mechanics.     When  a  problem  has 


1046  SCHMITT  ON    RIVET  SPACING.  [Papers. 

to  be  solved,  both  methods  should  be  used,  each  at  the  proper  time, 
the  analytic  formulas  to  be  consulted  in  advice. 

No  explanation  need  be  given  for  the  manner  in  -which  the  shear 
diagram  for  the  vertical  shearing  stress  has  been  made  use  of,  as  will 
be  seen  in  what  follows,  for  determining-  the  rivet  sjjacing  by  means 
of  the  vertical  shear  ordinates,  directly,  although  the  rivets  are  acted 
upon  by  a  horizontal  force.  The  intensity  of  both  these  stresses  is  the 
same  at  any  jjoint  in  the  web,  and  since,  for  the  purpose  mentioned, 
the  magnitude  only  of  the  horizontal  shearing  stress  is  of  importance, 
no  notice  need  be  taken  of  its  real  sense  and  direction.  The  position 
in  which  the  magnitude  of  this  force  is  found  in  the  shear  diagram,  is 
besides  a  very  convenient  one  for  the  solution  of  the  problem. 

The  method  to  be  set  forth  to  determine  the  rivet  pitch  and  also 
that  jjoint  from  which  on,  toward  the  end  of  the  girders,  stiffeners  will 
be  required,  is  graphical,  and  requires  the  plotting  of  the  shear  curve 
for  the  particular  loading  of  the  girder,  which  in  any  case  is  a  simple 
jaerformance.  For  convenience  and  clearness  in  carrying  out  opera- 
tions, it  will  be  found  best  to  arrange  the  shear  curve  immediately 
above  or  below  the  girder  to  be  designed.  The  depth  of  the  girder 
may  be  drawn  to  any  reasonable  scale  which  will  allow  accurate  meas- 
urement of  the  rivet  spacing. 

Assuming  the  reader  to  be  familiar  with  the  theory  and  the  design- 
ing of  plate  girders  in  general,  and  that  he  has,  for  a  jjarticular  case, 
decided  upon  the  thickness  of  the  web  and  the  size  of  the  rivet;  fur- 
ther, that  he  has  determined  the  rivet  value  by  means  of  a  rivet  table, 
to  be  found  in  any  of  the  mill  handbooks  (see  also  the  diagram  and 
tables  at  the  end  of  this  j)aper),  we  can  proceed  to  refer  to  the  well- 
known  rivet  formula: 

Let  S  =  shear  at  any  point  Xin  the  length  of  the  girder; 

h  =  depth  of  the  girder  between  the  upper  and  lower  pitch 

lines; 
p  =  the  pitch,  or  spacing,  of  the  rivets  to  be  found; 
V  =z  the  rivet  value; 

J)  =  — jr ;  transforming,  we  have  then : 
o 

7.  O 

—  =  — ;  that  is,  the  depth  of  the  girder  is   to  the  rivet  pitch, 
as  is  the  total  shear  to  the  rivet  value. 
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Fig.  1. 


or, 

and  as  before, 


ab  : 
h 


Eeferriug  now  to  Fig.  1,  let  A  B  —  hh  be  tlie  span  of  the  girder, 
and  C  D  the  shear  curve,  drawn  in  reference    q      x 
to   the   base  line   E  F.      Set    off  vertically 
downward  at  points  A  and  B  the  depth  k  of 
the  girder,  as  Ah,  Bh. 

Choose  any  section,  as  X,  and  draw  a 
vertical  line  c  e  ab.  The  ordinate  c  e  will 
then  represent  the  total  shear  at  X  for  the 
panel  to  the  right  of  e.  From  the  point  e  -^■ 
in  the  shear  diagram  set  off,  toward  the 
right  hand,  the  rivet  value  e  v,  in  the  scale 
of  shears.  Produce  the  line  c  v.  Through 
the  point  a,  in  the  girder  diagram,  draw  a  parallel  line  intersecting 
h  h  in  p,  then  the  distance  b  p  is  equal  to  the  required  rivet  spacing 
for  the  shear  at  the  point  X.  In  the  similar  triangles  c  e  v  and  a  b  p 
we  have  the  proportion: 

pb  :  :  c  e  :  ev, 
p  :  :  S  :  V, 
h  _S 
p        v' 

To  express  b })  in  inches,  measure  the  length  of  the  line  &p  in  the 
scale  in  which  the  depth  h  of  the  girder  A  B  has  been  set  oflf. 

We  will  now  proceed  to  find  the  position  of  the  stiflfeners,  or  that  point 
s,  from  which  on,  toward  the  abutments,  stiflfeners  will  be  required. 

Referring  to  Fig.  2,  we  make  use  C 
of  the  shear  diagram  as  before.  Set 
oflf  vertically,  in  the  shear  scale,  above  G- 
and  below  the  base  line  E  F,  the 
buckling,  or  total  shear  value  w  of 
the  web,  whatever  value  the  designer 
has  determined  to  use. 

The  shear  stress  between  the  lines 
^i*'  and  G  H  [in  the  upper  part  of  the 
diagram)  is  taken  care  of  by  the  web. 
The  shear  stress  beyond  the  line  G  H 
will  have  to  be  taken  care  of  by  stiflfeners.  Stiflfeners  will  be  required 
therefore,  toward  the  ends  beyond  the  point  s,  where  the  line  G  iiT  inter- 
sects the  shear  curve  G  D.   (See  also  the  lower  half  of  the  shear  diagram.) 


Fig.  3. 
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From  the  theory  of  tlie  plate  girder,  it  is  known  that  stiffeners,  if 
required  at  all,  must  be  spaced  at  distances  equal  to  the  depth  of  the 
girder.  It  is  also  known  that  at  any  point  in  the  web,  as  mentioned 
before,  horizontal  and  vertical  shearing  stresses  are  of  the  same 
intensity,  and  that  therefore  the  spacing  of  the  rivets  in  the  stiflfeners 
can  be  found  in  the  same  manner  as  for  the  flange  angles;  consider- 
ing, however,  that  only  that  part  of  the  shearing  stress  above  the 
line  G  H  (in  reference  to  the  base  line  E  F  and  the  upiier  part.  Fig. 
2),  and  from  the  jjoint  s  on,  toward  the  abutments,  has  to  be  taken 
care  of  by  the  stiifeners.  The  same  applies  to  the  lower  half  of  the 
diagram. 

Proceeding  now  to  space  off  from  the  j^oint  .s,  distances  d,  . . . .  etc., 
equal  to  the  depth  of  the  girder,  the  ordinate  dg,  above  the  points 
d,  d,  represents  the  sui'plus  shears  coming  upon  the  respective 
stiifeners. 

From  the  stiffener  panel-points  d  set  off  again  the  rivet  value  r,  as 
d  r,  produce  the  line  g  v  for  any  of  the  stiflfeners,  and  through  the 
point  b'  in  the  girder  diagram,  corresponding  to  the  particular 
stiflfener,  draw  a  normal  line  to  the  direction  of  the  line  g  v  intersect- 
ing the  stiflfener  line  a  &  in  the  point  p'.  The  jjoint  6' having  been 
located  at  a  distance  a  b'  equal  to  the  depth  of  the  girder,  from  the 
point  a,  by  means  of  the  45°  line  bb'. 

In  the   similar  triangles   h'ap'   and  a  d  v,  the   same  ratio —  =  — 

previously  found  for  the  flange  angles,  will  obtain,  as  it  should  from 
the  statements  previously  made. 

The  si^acing  of  the  rivets  in  the  stiflfeners,  ihns  found,  will  be, 
usually,  greater  than  the  maximum  spacing  permissible  in  rivet 
work,  and  should  be  limited  to  this  accordingly.  The  size  of  the 
stiflfener  sections  may  be  determined  by  treating  them  as  columns 
(with  flat  ends).  Since,  however,  they  are  riveted  at  short  intervals 
along  their  length,  they  may  be  computed  for  simple  compression 
in  ordinary  cases,  but  they  should  always  be  ajiplied  in  the  form  of 
angle  irons. 

The  method  shown  for  rivet  spacing  for  jsarticular  panels,  and  for 
particular  shearing  stresses,  can  be  reversed  in  such  a  manner  as  to 
determine  the  length  of  the  panels  in  which  a  certain  assumed  rivet 
spacing,  for  example,  6-in.,  4-in.  or  3-in.,  shall  take  place. 
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Fig.  3. 


In  tlie  girder  diagram  A  h  B  h,  Fig.  3,  set  oflf,  from  the  poiut  7i, 

the  desired  rivet  spacing,  as  h  /r\  h  p*,  h  f/' From  these  Hues 

draw  lines  to  the  point  A,  as  a  pole.     Now,  in  the  shear  diagram, 
C EF B,  set  off  from  E  the  rivet  value  v,  as  Ev.     Through  the  point 

V  draw  parallel  lines  to  the  lines  A  p^,  A p*,  A  //,....  as  ?'  j/,  v  p*, 

V  p' intersecting  the    end  shear    lines  C  ^and  E  Fin  p^,  // 

etc.  Through  these  points,  //,  //,  jj'\ 
in  the  shear  diagram  draw  parallel  lines 
to  the  base  line  E  F.  From  the  inter- 
section points  of  these  horizontal  lines 
■with  the  shear  curve  droja  verticals  to 
the  base  line  E  F.  These  ordinates  will 
divide  the  girder  into  the  desired  panels, 
in  each  of  which  the  respective  assumed 
rivet  spacing  will  obtain  as  in  Fig.  3. 

In  like  manner  (see  Fig.  4)  we  can  find, 
say  for  the  end  of  a  girder,  the  rivet 
value  V  for  a  certain  pitch  by  simply 
setting  off  the  pitch  h  p  ~  say  3  ins.  in 

the  girder  diagram,  and  j^roceeding  in  the  reverse  order  of  the  opera- 
tions carried  out  in  Fig.  1,  by  drawing  the  line  Ap  and  a  line  G  v 
parallel  to  it  through  the  point  G  intersecting  the  base  line  of  the 
shears  in  v,  then  E  v  i&  the  necessary  rivet  value.  ^ 
Scaling  this  value  and  inspecting  the  rivet  table, 
the  thickness  of  the  web  and  the  size  of  the  rivet 
can  be  chosen  with  due  regard  to  j^ractical  con- 
siderations. 

The  method  set  forth,  so  far,  gives  all  the  data 
required  for  rivet  spacing  in  ordinary  practice  and 
theory. 

In  railroad  work,  the  computation  must  include, 
besides  the  horizontal  component  due  to  the  main 
shear,  the  local  vertical  effect  due  to  a  maximum  wheel  load.  This 
wheel  load  is  usually  assumed  to  be  uniformly  distributed  over  one  or 
two  sleeper  spaces  of  2  to  3^  ft. 

As  the  foregoing  forces  act  at  right  angles  to  one  another,  their 
resultant  must  be  first  ascertained  before  the  ijroper  rivet  spacing  can 
be  determined. 


I  Rivet  value  required 
I  for  given  shear  and 
'  assumed  rivet  spacing 


GIRDER  DIAGRAM 

\P       


K3^\ Assumed  spacing 


Fig.  4. 
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Let      S  =  main  shear,  acting  horizontally; 

h  =  depth  of  girder,  in  feet; 

Q  =  maximum  wheel  load,  acting  vertically; 

k  =  the  sleei^er  space,  in  feet. 

S 
Then  ■=-  =  shear  per  lineal  foot,  due  to  the  main  shear, 

Q 

f=       "      "       "         "       "         "      local  shear. 

The  resultant  of  these  tAvo  forces,  to  be  taken  up  by  71  rivets  per 
foot,  will  be  : 


'■  =  s|(4)'+(l)' 


Expressing  the  sleeper  space  k  in  terms  of  the  depth  of  girder  h, 

1  h 

by    putting    k   —  —  h,  or  q  =  — ,  the  above  formula  can  be  written 

''  = h 

Further,  let  71  =  number  of  rivets  per  lineal  foot; 
1)  =  the  rivet  value; 
p  =  the  rivet  pitch; 

also  TC  r)  =  1  (ft.),  w  =  —  and  n  =    — ,  and  considering  that  the  condi- 

^  ^      '  n.  p 

tion  ?i  t?  =  r  =  —  must  also  be  fulfilled,  we  have 
P 


.    J-^  +  («D 


p  h 

This  formula  is,  as  will  be  found  by  comiDarison,  identical  with  the 
original  rivet  formula,  presented  at  the  beginning  of  this  paper,  and 
we  will  use  it  again  as  the  basis  in  the  determination  of  the  rivet 
spacing  in  the  present  case  by  evaluating  graphically  the  term  under 
the  root,  which  is  the  aggregate  resultant  of  all  the  shearing  forces 
acting  upon  the  n  rivets  at  section  A". 

This  is  readily  done  by  forming  the  "triangle  of  forces,"  with  the 

components  S  and    Q  -y-,  acting  at  right  angles  to  one  another.     The 

fh 

hypothenuse  of  this  triangle  will  at  once  represent  the  term 
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SHEAR  DIAGRAM 


Eeferring  now  to  Fif^:.  5  aud  section  X,  let  C  F  represent  the  shear 
ciii've  for  the  rolling  load,  G  1)  that  for  the  nuiform  load,  both  in  ref- 
erence to  the  line  E  F.  Then  the  ordinate  c  /i  will  be  in  magnitude 
equal  to  <S,  and  will  form  one  of  the  ^' 

sides  of  the  triangle  of  forces  we  desire 
to  construct.     Set  oflf  in  the  shear  dia- 
gram  horizontally    from   the  point  E 
the  maximum  wheel  load  Q,  as  E  q  (in 
the  scale  of  shears).     Similarly,  set  oflf  g^ 
in  the  girder  diagram  the  tie,  or  sleeper         ^i 
space  k  (in  the  scale   used  for  laying 
oflf  depth  of  girder),   as  h   K.      Draw  Ky_ 
the  imaginary  line   K  A  and  parallel 
to  it  another,  q  d,  through  the  point 
q  in  the  shear  diagram,  piercing  the  end  shear  line  in   d;  then  E  d 
is   equal   to   the   magnitude   of    the   local  vertical    shear   component 

§  -r-,  which  must  be  joined  at  right  angles  to  S. 

In  the  similar  triangles  Ah  K  and  d  E  q,  we  have — 

h-K:Ah::Eq:dE, 


Fig.  5. 


or, 


dE=^V'J^  =  Q^' 


li  K 


K 


Now  set  off,  horizontally,  from  point  c  in  the  shear  curve  C  E,  this 
value  E  d,  as  c  d ;  draw  the  imaginary  line  u  d  (produced  in  the  dia- 
gram), then  11  d  is  equal  to  the  magnitude  of  the  resultant  referred  to 
before.  Bring  this  resultant  into  a  vertical  position  with  a  compass, 
using  the  point  x  as  a  center  for  describing  the  arc  d  I.  Set  off,, 
further,  from  the  point  u,  horizontally,  the  value  of  the  adopted  rivet, 
as  II  V;  draw  the  imaginary  line  VI,  and  iiarallel  to  it  another,  through 
the  point  a  in  the  girder  diagram,  piercing  the  base  line  of  the  girder 
in  the  point  p;  then  b  p  is  equal  to  the  required  rivet  spacing  at  the 
section  X,  depending  on  the  combined  action  of  the  several  shearing 
stresses  mentioned. 

Praclical  Points:  Web  Thickness,  Panel  Lengths,  Etc.— As  stated, 
the  web  thickness  is  usually  proportioned  for  the  greatest  shear  and 
for  buckling.  For  this  case  no  stiffeners  are  required  to  assist  the 
web.     If,  however,  the  web  is  calculated  for  simple  shear  only,  or  for 
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an  intermediate  condition  between  buckling  and  sliear,  which  is  also 
freq[uently  done,  then  the  method  just  shown  for  locating  the  stiflfeners 
is  to  be  used. 

The  rivet  value  of  a  rivet  depends  on  the  shearing  capacity  of  the 
particular  rivet  and  the  web  thickness  in  which  it  bears,  etc.,  and  the 
lesser  of  the  two  values,  usually  that  for  bearing,  must  be  adoj^ted  to 
determine  the  pitch.  It  this  pitch  should  be  found  to  be  less  than  the 
minimum  si^acing  jjermissible,  a  larger  rivet  or  a  heavier  web  must  be 
resorted  to.  To  obtain,  under  certain  circumstances,  a  sufficient  rivet 
value  as  regards  bearing,  without  changing  either  the  diameter  of  the 
rivet,  which  may  be  a  maximum,  or  the  spacing,  which  may  be  a 
minimum,  already,  a  deeper  web  must  be  selected. 

This  depth  can  be  determined  at  once  by  means  of  the  diagram, 
Fig.  4.  In  the  case  just  stated  the  known  quantities  are:  The  total 
shear,  the  rivet  value,  consequently  the  direction  of  the  line  G  v,  to 
which  draw  a  parallel  line  j^  -A  through  the  point  p,  intersecting  the 
abutment  line  of  the  girder  in  the  point  A;  then  A  h  is  equal  to  the 
dej^th  of  the  girder  which  is  sought. 

The  minimum  s])acings  for  rivets  are:  2}  ins.  for  a  |-in.  rivet,  2|  ins. 
for  a  |-in.,  and  3  ins.  for  a  1-in.  rivet. 

The  jjanels  in  which  the  rivet  spacing  changes,  or  should  change, 
are,  in  the  case  of  concentrated  loading,  given  directly.  For  a  uni- 
form load,  or  a  uniform  and  concentrated  loading  combined,  suitable 
panel  lengths  may  be  assumed,  mostly  equal  to  the  depth  of  the 
girder.  The  designer,  with  a  little  joractice,  however,  will  be  able  to 
settle  this  point  without  difficulty.  The  panel  lengths  also  can  be 
determined  in  such  a  manner  as  to  obtain  in  them  certain  rivet  spac- 
ings,  as  illustrated  in  Fig.  3. 

Stitfeners  are  always  provided  over  the  supports,  or  where  concen- 
trated loading  occurs,  even  if  the  web  has  been  designed  to  take  the 
greatest  shearing  stresses  for  buckling. 

As  this  shearing  stress  is  greatest  at  the  ends,  it  is  taken  usually 
to  determine  the  web  thickness.  Since,  however,  stiflfeners  are  always 
jjrovided  at  the  ends,  the  writer  would  recommend,  for  the  purpose  of 
selecting  a  suitable  web  thickness,  the  use  of  the  shear  which  obtains 
at  a  distance  equal  to  the  depth  of  the  girder  from  the  ends,  or  even  at 
a.  still  greater  distance. 

If  the  pitch  for  any  panel  point  has  been  determined,  it  is  con- 
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DEPTH  OF 
GIRDER  IN  INCHES 

r 

PITCH  SCALE 

RIVET 

SPACING 

DIAGRAM 

fiO"     6'   5-4"   3'  3-  ] 

•  0 

Rivet  Values  having  been  laid  off  in  four  times  the 
"Scale  of  Total  Shears,"  the   same   ratio   has  been 
observed  in  laying  off  "pitch  scale,"  and  the  scale 
in  which  "depth  of  girders"  has  been  plotted. 
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pitch,  use  a  decimal  scale  60  parts  to  the  inch;   10 
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pitch  will  be  found  to 
be  equal  to  2.77 
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to  the   right  of  this 
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ceed 6  inches.    For 
a  girder  of  constant 
web  section  the  point 
P  will   move   in   a 
vertical  line.      Rivet 
value  being  constant, 
Shear  variable 
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tinned  to  the  uext  panel  point  toward  tbe  center,  for  practical 
reasons.  Theoretically,  and  as  may  be  seen  from  the  shear  diagram, 
and  from  the  method  by  which  the  pitch  is  obtained,  the  distance 
from  rivet  to  rivet  changes  gradually,  or  abruptly,  as  does  the 
shearing  stress.  To  realize  such  constantly  varying  spacing  of  rivets 
in  girders  would  be  very  impractical  and  expensive  unless  per- 
formed by  an  automatically  arranged  punching  machine.  In  any 
case,  the  rivets  are  never  spaced  more  than  6  ins.  apart,  and,  in  case 
of  girders  carrying  floors,  the  spacing  is  recommended  not  to  exceed 
4  ins. 

Spacing-panels  for  rivets  should  always  contain  an  even  number 
of  spaces.  The  usual  spacing  for  rivets  should  be  preferably  given 
in  full  inches  or  full  and  half  inches.  Quarter-inch  fractions,  how- 
ever, are  frequently  used. 

The  foregoing  method  of  finding  the  rivet  spacing  in  web  members 
of  plate  girders  has  been  compacted  in  the  diagrams,  Figs.  6  and  7. 
Auxiliary  tables  (Tables  Nos,  1,  2  and  3)  have  been  added  to  give  all 
the  necessary  data  to  design  the  web  plates  of  girders  without  having 
to  inspect  books  or  tables. 

If  the  analytic  method  is  used,  the  diagrams  and  tables  will  be  of 
advantage  in  computing  shear  stresses.  The  necessary  explanations 
of  how  to  use  the  diagrams  are  noted  at  the  proper  places.  An 
example  is  given  for  finding  the  rivet  pitch  for  a  given  total  shear  of 
128  000  lbs.  for  a  f-in.  rivet  in  a  -rs-in.  web,  and  for  18  000  lbs.  bearing 
per  square  inch  of  rivet  diameter. 

It  may  be  noted  that  the  points  P  (see  lower  part  of  rivet  spacing 
diagram),  for  a  particular  girder,  with  constant  web  section,  will  all 
be  located  in  a  vertical  line,  since  the  rivet  value  remains  constant; 
the  shearing  stresses  only  varying  along  the  length  of  the  girder. 
The  shear  diagram,  for  finding  the  shear  per  square  inch  of  web  area 
of  a  given  or  assumed  web,  can  be  iised  in  the  reverse  manner,  that  is, 
to  find  the  necessary  total  web  section  for  a  given  or  assumed  unit 
shear  jDer  square  inch  and  a  given  total  shear. 

The  manner  of  doing  this  is  given  indirectly  in  the  exislanation  of 
how  to  use  the  shear  diagram.  By  entering  the  table  of  web  areas, 
the  web  thickness  will  be  found  with  due  regard  to  the  assumed 
dejjth  of  the  girder. 

Allusion  will  have   to   be  made  to  the  term  "dejith  of  girder." 
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IN 

SHEAR  SCALE 
BELOW 

ON 


THIS  SIDE  I  THIS  SIDE 

FIND 

RESULTING 

OR 
ASSUMED 


SHEAR 

PER 
SQ.  IN. 


OF 


TOTAL 
SHEAR 


ON 


WEB  SECTION 

IN 

THOUSANDS  OF 

LBS. 


THICKNESS 


WEB 

IN  INCHES 


AREAS  OF  WEBS  FOR  DEPTHS  OF 


7.5 


9.0 


10.5 


12.0 


13.5 


28 


8.75 


10.5 


12.25 


14.0 


15.75 


15.0    17.5 


16.5    19.25 


18.0    21.0 


30 


9.37 


11.25 


13.12 


15.0 


16.87 


18.75 


20.62 


22.5 


32 


10.0 


12.0 


14.0 


16.0 


18.0 


30.0 


22.0 


24.0 


36 


11.25 


13.5 


15.75 


18,0 


19.75 


34.75 


27.0 


40 


12.5 


15.0 


17.5 


20.0 


22.5 


25.0 


27.5 


30.0 


42 


Id.Vi 


15.75 


18.38 


21.0 


23.62 


26.24 


28.86 


31.5 


48 


15.0 


18.0 


21.0 


24.0 


27.0 


30.0 


33.0 


36.0 


50 


15.6 


18.' 


21.87 


25.0 


28.12 


31.25 


34.38 


37.5 


54 


16.87 


20.25 


23.62 


37.0 


30.37 


33.75 


37.1S 


40.5 


60 


18.75 


26.25 


30.0 


33.75 


37.5 


41.25 


45.0 


DIAGRAM  FOR  SHEAR  PER  SQ.  IN.  OF  WEB  AREA 

FOR  TOTAL  SHEARS   UP  TO  200000  LBS.  AND 
TOTAL  WEB  AREAS  OF  45  SQ.INS. 


SCALE  OF  TOTAL  WEB  AREAS  IN   SQ.  INCHES. 


10  SQ.  INS.  20 

lAi   I   I   I   I   I   I   I   I   I  n 


1  THOUSAND. 


22.5  SQ.INS. 


10  THOUSAND  ^AS  -^ 


20 


EXAMPLE. 
Total  shear  128000  lbs. 
Web / 7i6  ins. 


USE  OF 
SHEAR 
DIAGRAM. 

To  find  unit  shear 
per  sq.  inch  of  web 


section  if  total   shear 
and    web    section    are 


Depth  of/girder   40  ins. 

By  table,  at  top  of  diagram,  the  area 

of  tire  web  equals  22.5  sq.  ins 

Plot  22.5  in  scale  of  areas. 

Ditto  nSOOO^'in  shear  scale. 

Connect  both  points  and  to 

this  line  draw  a  parallel 

one  through  point  "10" 

■      ^^^^    ^^ou    +^   :.,        /given.      In  "area  scale"  point 
in   area  scale,  to   in-    /   ^  '^ 

tersect  shear  scale  /      °^^  ^^ea  of  web,  and  in  total 
per  sq.  in.  at  left/  '^^^'    '^^'^'   ^^^    ^°^^'   "^^^^• 
side,   and   find/   ^°""^^^  ^°^^    points  with  a    line; 
rjQrytf^    i  /  then  draw  a  parallel  line  to  the  first 

one  through  point  "10"  of  area  scale, 
to  intersect  with  the  "shear  scale"  per 
square  inch  of  web  section,  at  left  side  of 
total  shear  scale  and  read  off  result.  The 
lines  are  best  drawn  with  a  pair  of  triangles  or 
with  the  use  of  a  transparent  "parallel  line  diagram' 
ruled  on  tracing  cloth.  The  two  lines  drawn  in  upper 
part  of  diagram  illustrate  the  example  given  above. 
The  resulting  unit  shear  per  sq.  inch  of  web  section 
will  be  5700  lbs.  In  similar  mannerfind  web  area  for 
given  unit  and  given  total  shear,  by  reversing  desig- 
nation of  the  two  auxiliary  lines  noted  in  diagram 
above 


per  sq. in. 


Fig. 
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This  term  has  several  distinct  and  different  meanings,  relative  and 
specific,  all  of  which  must  be  fully  understood  and  correctly  applied. 

Generally,  and  as  ordinarily  understood,  the  depth  of  the  girder  is 
that  fractional  part  of  the  span  which  constitutes  its  height,  in 
common  parlance,  and  in  most  cases  is  settled  upon  first  and  defi- 
nitely after  a  thorough  consideration  of  conditions,  whether  restric- 
tions as  to  depth  and  width  have  to  be  observed,  or  whether  the 
designer  is  at  liberty  to  choose  these,  according  to  his  best  judgment. 
After  the  depth,  etc.,  has  been  assumed  in  this  general  way,  the  other 
specific  depths  to  be  mentioned  are  derived  therefrom  as  the  design 
progresses,  commencing  with  the  flanges. 

If,  in  ordinary  building  practice,  for  instance,  no  restrictions  are 
placed  on  the  depth  of  girders,  it  is  found  (the  result  being  in 
inches)  by  multiplying  the  sjaan  of  the  girder  (expressed  in  feet)  by 
six-tenths,  and  adding  to  the  product  the  constant  amount,  3  ins.  The 
rate  of  depth  of  girder  to  length  of  sjaan  is,  in  this  instance,  one- 
twentieth  plus  the  constant. 

In  heavier  work  the  multiplier  is  eight-tenths,  equal  to  a  one-fif- 
teenth rate.  In  bridge  work  the  j^roportion  of  depth  to  span  is  in- 
creased to  from  one-twelfth  to  one-eighth,  corresponding  to  multipliers 
of  1  and  1.5,  respectively. 

Having  explained  the  first  meaning  of  the  term  "  depth  of  girder," 
the  other  meanings  will  now  be  referred  to. 

In  determining  the  rivet  spacing  of  the  rivets  connecting  the  web 
plate  to  the  flange  angles  the  depth  of  the  girder  is  the  vertical  dis- 
tance between  the  horizontal  rivet  lines  located  in  the  vertical  legs  of 
the  top  and  bottom  chord  angles. 

If  the  buckling  value  of  the  web  plate  is  concerned,  the  depth  of 
the  girder  is  the  clear  distance  between  the  inner  edges  of  the  vertical 
legs  of  the  same  angles. 

The  fourth  subdivisable  meaning  of  this  term  is  involved  when 
flange  stresses  are  computed.  If  these  are  determined  by  the  ordinary 
approximate  method,  the  depth  of  the  girder  is  taken  from  out  to  out 
of  flange  angles,  if  cover  plates  have  to  be  provided  to  make  uj)  the 
required  flange  area.  If  none  are  needed,  the  depth  is  equal  to  the 
vertical  distance  between  the  centers  of  gravity  of  each  pair  of  upper 
and  lower  flange  angles. 

If  the  exact  method  of  moment  of  resistance,  or,  more  correctly. 
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that  of  tlie  section  modulus,  is  selected  to  determine  the  cross-section 
of  a  plate  girder,  then  we  have  to  introduce  into  the  computation  for 
the  depth  (no  flange  plates)  the  distance  "  out  to  out"  of  angles,  as 
before.  With  flange  plates,  take  the  depth  over  all  the  plates;  the 
depth  will  change  wherever  a  plate  is  droj^ped  off. 

There  exists  a  sixth  condition  regarding  this  term,  frequently  over- 
looked by  younger  designers,  and  of  which  no  mention  is  made  in 
treatises  on  apj^lied  mechanics,  in  that  the  dej)th  "out  to  out "  of 
flange  angles,  as  a  rule,  is  greater  by  ^  in.  than  the  depth  of  the  web 
plate  over  all.  This  allowance  of  |  in.,  at  top  and  bottom,  is  made  to 
avoid  the  projection  of  any  part  of  the  web  beyond  the  flange  angles. 
This  allowance,  therefore,  does  away  "with  extra  work,  either  shearing 
the  web  beforehand,  or  chipping  it  afterward,  should  the  angles  and 
web  have  been  required  to  be  flush. 

If  imiversal  mill  plates  are  specified  for  the  web,  some  engineers 
do  not  demand  this  allowance  to  be  made.  Others  insist  on  having  it 
observed  in  every  instance,  as  do  most  all  of  the  mills  in  their  shop 
practice.  For  special  purjioses,  however,  it  may  be  required  that  the 
web  shall  project  a  certain  amount  beyond  the  backs  of  the  angles  ; 
this  is  the  exception  to  the  rule. 

Splicing  in  webs  or  angles  in  plate  girders,  in  sizes  ordinarily  called 
for  in  architectural  building  jjractice,  is  not  necessary,  as  universal 
mill  jalates  for  the  web  are  rolled  in  dimensions  from  |  in.  by  70  ft., 
up  to  I  in.  by  65  ft.,  and  angles  on  the  average  run  up  to  a  length  of 
from  60  to  75  ft. 

In  conclusion,  the  attention  of  the  reader  is  directed  to  two  note- 
worthy papers  on  plate  girders.  The  first,  by  J.  C.  Bland,  M.  Am. 
Soc.  C.  E. ,  in  the  1887  handbook  of  the  Pottsville  Iron  and  Steel  Com- 
pany. The  second*,  somewhat  more  extended  in  its  scope,  by  Isami 
Hiroi,  C.  E.,  Professor  of  Civil  Engineering  in  Sapporo  College. 

To  fully  complete  this  ijajjer,  and  illustrate  the  graphical  method 
for  finding  the  rivet  spacing  in  plate  girders,  the  writer  has  chosen  for 
exemplification  the  problem  worked  out  by  Mr.  Hiroi,  in  his  booklet, 
and  in  which,  as  regards  the  determination  of  the  rivet  pitch,  he  has 
used  largely  the  analytic  method  of  comj)utation.  In  Fig.  8  will  be 
found  all  the  data  requisite  to  a  full  understanding  of  the  problem 
and  the  steps  to  be  taken  to  solve  it,  and  to  form  an  opinion  as  to  the 
*  Van  Nostrand's  Science  Series,  first  edition,  1888;  second,  1893,  revised. 
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comprehensivoness  aud  simplicity  of  the  writer's  method.  The  atten- 
tion of  teachers  of  structural  mechanics  is  invited  to  the  manner  in 
which  the  polygon  of  maximum  shear  for  the  rolling  or  moving  loads, 
lias  been  formed,  as  fully  explained  in  the  "  Programme  of  Example  " 
accompanying  the  diagram,  for  determining  whether  it  is  not  simpler 
and  more  readily  executed  than  by  the  usual  method.  The  difference 
in  rivet  spacing,  due  to  assuming  one  or  the  other  of  the  meanings  of 
the  term  "  dejoth  of  girder"  has  also  been  alluded  to.  It  will  be  seen 
thereby  how  easily  the  rivet  spacing  can  be  adjusted  to  conform  to 
any  depth  of  girder  chosen  with  this  method,  if  otherwise  the  condi- 
tions of  the  external  forces  remain  the  same. 

Programme  of  E.rnmple.* — Single-track  standard-gauge  deck-girder, 
50-ft.  span  between  centers  of  bed  plates,  divided  into  10  panels,  5  ft. 
each,  for  maximum  stresses  by  bending  and  shears.  Depth  of  girder, 
"  out  to  out  "  of  angles,  4  ft.  6J  ins.  Depth  assumed  in  computation 
for  stresses,  in  Hiroi's  book*  and  in  this  example,  4  ft.  6  ins.  =  54  ins. 
Dead  load,  490  lbs.  per  lineal  foot.  Rolling  load,  as  per  train  diagram 
at  top  of  Fig.  8.  Maximum  wheel  load,  12  000  lbs. ,  and,  for  local 
shear  computation,  assumed  to  be  distributed  over  a  sleeper  space  of 
2  ft.  End  shear  due  to  dead  load,  one-fourth  of  490  x  50  x  2  =  12  300 
lbs.  Web  thickness,  f  in. ;  rivets,  I  in.  diameter.  For  bearing  unit 
of  14  400  lbs.,  in  |-in.  web,  rivet  value  4  700  lbs.;  shear  unit  for  web, 
6  400  lbs.  Flange  angles,  3^  ins.  x  5  ins.  x  h  in  ;  true  dejith  for  rivet 
spacing,  50  ins.  (not  adopted  in  this  example). 

Construct  maximum  main  shear  diagram  (curve)  for  rolling  load, 
E  F  C,  as  noted.  Construct  dead-load  shear  line,  G  D,  in  reference  to 
E E.  Construct  local,  vertical,  shear-component,  due  to  maximum 
wheel-load  (see  left  lower  corner  of  girder  diagram).  Construct  total 
maximum  shear  curve,  31 L,  as  per  Fig.  5,  up  to  center  of  span.  Con- 
struct girder  diagram,  using  ^-in.  scale  for  the  depth.  Produce  the 
flange-rivet  bevel-lines  VI,  V^  l^,  V,^  I,,,  etc.,  in  shear  diagram,  for  each 
panel  point,  and  draw  the  rivet-spacing  bevel-lines  Ap,  a p^^,  etc.,  in 
girder  diagram,  and  find  the  rivet  spacings  b  j),  b^^^p>^^,  etc.  Set  oflf, 
parallel  to  G  D,  the  web  value  u  n'  in  shear  diagram,  computed  at 
eight-tenths  of  buckling  value  in  Table  No.  1,  for  a  |  x  47-in.  web  (54 
ins.  —  2  X  3i  ins.)  (see  also  page  63,  Hiroi).     Construct,  as  per  Fig.  2, 

*  See  "Plate-Girder  Construction,"  by  Isami  Hiroi,  C.  E.,  Van  Nostrand's  Science 
Series,  No.  95,  Second  Edition.  1893,  Pages  33,  38,  39,  63,  63,  79,  81,  83,  etc. 
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•_^ -^  Scale  for  Deplli  of  Girder  and  Line  A  A    J2300  lbs 


i;^  pif-Inch  =  1^001.  Depth  of  Girder  4'. 

j|^^       "^^-^.  |«iSP--J! 

»ir.Sis!l      "^>  ~^^    EndStiffeners 


jEn.l  Shear 
jBead  Load 


54000  Iba.    

End  Shear  due  to  Rolling  Load. 

Scale  for  Loads.  Shear  and  Line  hq,  below, 

If,  Inch  =  10000  lbs. 


o.  1.  u.  o.  4.  3. 

8000  ^.8000  I,  8000  /  8000  JlSOOO  Iba.AgQOQ  lb9./12 
Boiling  Load  Line^  H''=.10(XX)  lbs. 


1  lbs.|;gOOO  lbs. 
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tlie  stiffener-rivet  bevel-lines  Vs  I,  Vs^^  l^^,  etc.,  in  shear  diagram,  and 
produce  the  corresponding  normal  lines  to  these,  in  girder  diagram, 
giving  the  rivet  spacing-points  in  stiflfeners,  as  p',  p'a,  etc.  The  rivet 
values,  uV,  m'F^,  uV^,  u'V^^,  etc.,  having  been  laid  off  at  foui-  times  the 
actual  rivet  value,  of  4  700  lbs.  (to  obtain  accuracy),  rivet  spacings 
must  be  measured  in  a  scale  having  a  four  times  larger  denomination 
than  the  scale  in  which  the  depth  of  the  girder  was  laid  off. 


TABLE  No.  1. — Total  Buckling  Values  of  Webs, 


10  000  d  t 


1  + 


d' 


3  UOO  t^- 


Depth  of  Web  in  Inches. 

!:!  d 

24 

28 

30 

32 

36 

40 

42 

48 

50 

54 

60 

/r 

25  300 

23  750 

23  100 

22  300 

19  700 

19  200 

18  650 

17  200 

16  500 

15  350 

13  850 

lbs. 

I 

.38  600 

36  500 

36  100 

34  700 

33  100 

31  400 

30  400 

27  SOO 

27  350 

25  700 

21  300 

52  5(K) 

51  750 

51  500 

50  750 

47  600 

47  (1110 

45  300 

42  (100 

40  750 

39  200 

36  000 

k 

68  250 

68  500 

68  250 

67  5(X) 

()()  (HMi 

(i3  K(.I0 

()3  401 ; 

5S  ,S(1(I 

58  (100 

53  800 

51  000 

s 

85  500 

85  601) 

85  25(1 

85  4(1(1 

83  750 

S3  ^00 

S2  HOO 

77  250 

74  750 

74  750 

70  500 

i 

103  000 

103  BCHI 

kk;  (1011 

KKi  70(1 

107  000 

IOC,  700 

104  5(10 

102  000 

09  500 

97  000 

92  400 

W 

105  500 

124  750 

126  2(A1 

12H  5(10 

130  (150 

13(1  (WO 

12'.>  500 

126  500 

125  500 

121  500 

117  000 

4 

136  000 

142  750 

147  000 

149  500 

152  750 

154  000 

157  800 

152  000 

151  000 

148  500 

143  500 

TABLE  No.  2. — Total  Buckling  Values  of  Webs,  w 


13  000  d  t 


1  + 


d' 


3  000  t^ 


Depth  of  Web  in  Inches. 

0  9 

24 

28 

30 

32 

36 

40 

42 

48 

50 

54 

60 

32  800 

30  600 

30  000 

29  000 

25  600 

25  000 

24  300 

22  200 

21  500 

20  250 

18  000 

lbs 

^ 

49  500 

47  500 

47  000 

45  100 

43  100 

40  750 

39  500 

36  200 

35  600 

33  500 

27  700 

68  350 

67  300 

67  000 

66  000 

62  000 

61  250 

58  800 

54  750 

51  300 

51  000 

46  800 

* 

88  750 

89  000 

88  650 

S7  900 

85  800 

sR  ono 

82  500 

76  600 

75  500 

70  000 

61  250 

tI- 

111  000 

112  250 

112  00(1 

112  (Kill 

111  0(10 

1(19  500 

107  5(K1 

102  500 

1(1]  2110 

97  250 

91  800 

182  OOU 

i:i5  (100 

i:i8  (1(10 

13,S  50(1 

1311  01  111 

137  500 

KiG  011(1 

lyo  250 

13(1  Olio 

126  000 

120  000 

I'f 

157  Oi)0 

162  0(JO 

164  700 

1(;7  000 

169  500 

l(i9  000 

168  500 

164  500 

163  (X)0 

158  .500 

153  000 

f 

176  750 

186  500 

191  000 

194  000 

198  500 

200  000 

205  000 

197  500 

196  500 

193  000 

186  500 
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TABLE  No.  3. — Sheaking  and  Beaking  Values  of  Rivets. 


Diameter 
and  area 
of  rivet. 

RrvET 
Values. 

Thickness  of  Web  oe  Plate  in  Inches. 

.2^ 
;»  to 

w  II 

fs 

5 

IB 

i 

JS 

^ 

li 

J 

Rivet  Values  for  Bearing. 

1 
1 

in 
deci- 
mals. 

3  310 

4  510 

5  890 

7  500 
and 
15  000 

3  520 '4  220 
'4  100:4  920 

4  920 

5  740 

5  630    6  330 

6  560    7  380 

Bearing  val 

8  200    " 

9  380 

lies  enclosed  by  dotted 
9  030              lines 

1" 

5  620:6  560 

7  500 

8  440 

10  310 

11  250 

1 

0.75 
0.875 

3  980 
5  400 

9  000 
and 

4  220  5  060 
4  920  5  900 

5  900 

6  880 

6  760 

7  880 

7  600 

are  gres 

iter  than 
10  820 

single 

i 

8  860 

9  840 

hear. 

1 

1.00 

7  070 

18  000 

5  610 

6  750:7  880 

9  000 

10  500 

11  220      1      13  400 

13  450 

a 

area 

4  420 

10  COO 

4  690 

5  630 

6  570 

7  500 

8  440:    but  less  than  double 

i 

in 
sq.in. 

6  010 

7  850 

and 

20  000 

6  470  6  570 

7  600 

8  750 
10  000 

9  840 
11  250 

10  840 
12  500      : 

12  300 

shear. 

1 

7  500  8  750 

13  750      IThe  reverse 

0.4418 
0.6013 

4  860 
6  610 

11  000 
and 

5  160  6  190 

6  020:7  220 

7  220 

8  430 

8  250 

9  630 

9  280 
10  840 

takes  place  for  values 
12  040            13  240 

beyond 
these   lines. 

1 

0.7850 

8  640 

22  000 

8  250:9  630 

11  000  12  380 

13  750           15  130 

16  500 
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SOME  PECULIAR  RAILROAD  BRIDGE  ACCIDENTS. 


By  J.  I.  BoGGS,  Assoc.  M.  Am.  Soc.  C.  E. 
To  BE  Pbesented  Decembek  19th,  1900. 


Several  years  ago,  while  the  writer  was  Division  Engineer  of  Main- 
tenance of  Way  on  the  Houston  and  Texas  Central  Railway,  two  or 
three  accidents  happened  to  the  bridging  under  his  charge,  which  may 
possibly  be  of  some  historical  interest. 

The  first  bridge.  Fig.  1,  a  i^in-connected  Pratt  truss  over  Richland 
Creek,  of  128  ft.  Dy  ins.  span,  was  bnilt  by  the  Phoenix  Bridge  Com- 
pany, in  the  early  part  of  1887,  and,  as  in  all  similar  work  by  that 
company  at  that  time,  the  posts  and  upper  chords  consisted  of  the 
old  closed  Phoenix  columns,  set  into  castings  at  the  panel  points. 

The  structure  was  at  the  foot  of  a  stiff  grade,  and  while  a  heavily 
loaded  freight  train,  moving  at  a  high  rate  of  speed,  was  j^assing,  a 
bale  of  cotton  became  dislodged  and  was  hurled  against  the  first  post, 
marked  "  A,"  Fig.  1,  with  sufficient  force  to  bend  it  13  ins.  out  of  line 
and  knock  it  clear  of  the  structure,  thus  leaving  the  truss  with  one 
of  its  main  members  missing. 

At  the  time  of  the  accident  the  structure  was  entirely  covered  by 

Note. — These  papers  are  issued  before  the  date  set  for  presentation  and  discussion. 
Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting,  and  may  be 
sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  wdl  be  published  in  a 
subsequent  number  of  Proceedings,  and,  when  finally  closed,  the  papers  with  discussion 
in  full  will  be  published  in  Transactions. 


Papers.]  BOGGS  ON"   RAILROAD   BRIDGE   ACCIDENTS. 


1063 


1064  BOGGS    ON   RAILROAD   BRIDGE   ACCIDENTS.  [Papers. 

the  train,  weighing  approximately  2  500  lbs.  per  lineal  foot.  Contrary 
to  all  expectations  and  calculations  tlie  bridge  carried  the  remainder 
of  the  train,  consisting  of  about  twenty  loaded  cars,  across  in  safety, 
although  the  main  post  was  gone. 

That  there  was  a  tremendous  bending  moment  in  the  upper  chord 
was  shown  by  the  following:  As  quickly  as  possible  a  12  x  12-in.  stick 
of  timber,  cut  to  accurate  height,  was  fitted  between  the  upper  and 
lower  castings,  and  a  train  allowed  to  pass;  as  soon  as  this  train  had 
crossed,  it  was  found  that  the  ends  of  the  timber  were  so  badly  crushed 
that  it  was  unfit  for  further  service.  A  piece  of  J-in.  i^late  iron  was 
then  inserted  between  the  castings  and  the  timber.  This  did  good 
service  and  continued  in  use  until  the  original  member  had  been  taken 
to  the  shops,  thoroughly  repaired  and  replaced. 

In  the  case  of  the  Navasota  River  Bridge,  Fig.  2,  a  similar  structure, 
of  157  ft.  6  ins.  span,  the  two  posts  marked  "  B  "  and  "  C,"  the  former 
in  the  left,  and  the  latter  in  the  right-hand  trusses,  were  likewise 
destroyed  by  two  bales  of  cotton  falling  oflf  the  same  train  in  opposite 
directions.  Again  the  train  crossed  safely,  the  same  steps  were  taken, 
and  the  posts  were  rejiaired  and  replaced. 

In  both  cases  the  bridges  were  floored  with  8  x  10-in.  ties,  spaced 
at  16-in.  centers,  and  had  56-lb.  rails. 

There  was  another  interesting  occurrence  at  the  Trinity  River 
Bridge,  a  very  light  Whipple  truss,  of  130  ft.  span,  with  panel  lengths 
of  12  ft.  6  ins.,  built  in  1877  by  the  same  company.  The  writer  regrets 
that  he  has  no  diagram  of  this  structure.  The  only  idea  he  can  give  of 
its  frailty  being  the  statement  that  the  floor  beams  were  only  20  ins. 
in  depth,  and  the  track  stringers  7  x  14-in.  wooden  beams,  packed 
three  under  each  rail.  In  this  instance  part  of  a  carload  of  lumber 
fell  off  and  struck  the  first  post,  permanently  bending  it  about  10  ins. 
out  of  the  vertical.  Several  very  heavy  trains,  both  freight  and  pas- 
senger, with  engines  weighing  105  tons,  passed  over  the  bridge  before 
the  accident  to  the  post  was  discovered. 

The  Richland  Creek  and  Navasota  River  cases  are  interesting  from 
the  fact  that  it  has  sometimes  been  argued  that  no  Pratt  truss  bridge 
would  stand  up  under  these  conditions,  and  the  writer  very  much 
doubts  if  it  would  if  the  connections  were  all  rigid.  If  it  did  stand  it 
is  quite  likely  that  the  structure  would  be  so  disturbed  that  a  good 
portion,  if  not  all,  would  have  to  be  rejjlaced,  and  this  would  also 
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probably  apply  in  the  case  of  the  floor  beam  riveted  to  the  post  above 
the  chord. 

The  American  pin-connected  truss  has  become  famous,  the  world 
over,  and  why  American  engineers  should  now  incline  to  the  rigid  con- 
nections of  their  foreign  brethren  is,  to  say  the  least,  remarkable.  In 
the  case  of  the  pin-connected  truss,  where  the  load  to  be  transmitted 
is  50  000  lbs.,  it  is  known  that  it  must  enter  the  pin,  and  the  pin  be 
designed  accordingly,  but  in  the  rigid  connection,  with,  say,  a  shear  of 
5  000  lbs. ,  we  find  10  rivets,  two  are  thrown  in  for  good  measure,  making 
twelve  all  told;  these  are  distributed  two,  three,  two,  and  so  on.  Now,^ 
how  is  the  5  000  lbs.  distributed?  Does  each  rivet  carry  an  equal 
portion,  or  do  the  first  five  rivets  take  the  greater  part  of  the  stress, 
producing  secondary  stresses  which  will  eventually  destroy  the  use- 
fulness of  the  structure  at  a  much  earlier  date  than  would  the  old 
pin-connected?  At  the  hazard  of  being  considered  ancient,  the  writer 
has  ventured  on  the  above  remarks,  and,  while  not  decrying  modern 
methods,  he  is  inclined  to  the  opinion,  that  there  was  considerable 
inherent  merit  in  the  designs  of  our  great  predecessors,  and  that  the 
design  of  later  bridges  can  be  seriously  questioned;  and  as  the  former 
has  stood  the  test  of  time,  he  thinks  that  it  might  be  as  well  to  hesitate 
somewhat  before  venturing  too  far  into  new  fields. 

The  writer  submits  the  foregoing  as  a  matter  of  history  and  to  show 
the  remarkable  performances  of  some  of  the  old  designs.  He  regrets 
that  he  has  not  the  time  to  enter  into  a  mathematical  demonstration  of 
cause  and  efi'ect. 
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The  Kiiizua  Viaduct  is  on  the  Bradford  Division  of  the  Erie  Rail- 
road, and  is  situated  in  McKean  County,  Pa. 

The  old  viaduct  was  in  service  for  about  nineteen  years,  and  has 
now  been  replaced  by  a  new  steel  structure,  built  under  the  charge 
of  C.  W.  Buchholz,  M.  Am.  Soc.  C.  E.,  Chief  Engineer  of  the  Erie 
Railroad  Company,  Mr.  M.  Strong  being  the  Bridge  Engineer.  The 
contractors  for  the  steel  work  were  the  Elmira  Bridge  Company, 
Limited,  Elmira,  N.  Y. ;  and  the  contractors  for  the  erection  were 
Grattan  and  Jennings,  Buffalo,  N.  Y.  The  drawings  were  prepared 
under  the  care  of  E.  E.  Buchanan,  M.  Am.  Soc.  C.  E. ,  Secretary  of 
the  Elmira  Bridge  Company.  The  writer,  in  his  capacity  as  Engi- 
neer of  that  company,  designed  the  viaduct  and  also  suggested  the 
particular  nature  of  its  towers,  which,  in  their  construction,  form  a 
radical  departure  from  previous  practice  in  viaduct  designing.  The 
character  of  the  tower  bents  is  not  new,  since  such  forms  have  often 
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been  used  by  structural  as  well  as  mechanical  engineers;  but  their 
application  to  a  railway  structure  and  on  a  large  scale  is  certainly  a 
novelty. 

The  design  of  the  viaduct  is  quite  simple,  so  that  it  will  suffice 
to  give  a  brief  description,  but  before  proceeding  to  do  so,  it  may 
be  well  to  state  the  reasons  which  led  the  writer  to  make  his  sug- 
gestions. 

The  original  problem  consisted  of  the  design  of  towers  with  stiff 
members  throughout,  together  with  secondary  struts  and  diagonals 
for  the  taller  towers,  lying  in  a  longitudinal  vertical  plane,  coincident 
with  the  axis  of  the  structure,  and  forming  a  support  for  the  very  long 
members  of  the  wind  bracing.  A  design  for  the  tallest  tower,  in  con- 
Junction  with  an  estimate  of  its  weight,  was  prepared  by  the  writer, 
but  the  weight  j^roved  to  be  excessively  great,  even  after  many 
changes  in  the  design  had  been  introduced.  The  next  step  was  the 
substitution  of  lateral  rods  for  all  the  longitudinal  and  transverse 
diagonals,  but  this  design,  too,  although  calling,  of  course,  for  less 
weight,  was  soon  abandoned.  In  the  early  stages  of  the  design  the 
writer  entertained  no  doubt  that  a  tower  of  nearly  300  ft.  in  height, 
and  based  on  the  lines  described,  would  never  give  the  desired 
results,  but  that,  on  the  contrary,  they  could  be  effected  by  a  radical 
change. 

Such  tall  towers  have  far  too  many  members  to  conform  with  all 
those  advantages  which  are  sought  to  be  realized  in  a  structure.  The 
secondary  members,  running  to  a  very  great  weight,  and  solely 
designed  as  a  crutch  for  the  i^rotection  of  the  wind  bracing,  did  not 
appear  to  the  writer  as  simple  means  to  accomi^lish  a  certain  purpose. 
On  the  contrary,  he  thought  that  this  purpose  could  be  attained  more 
simply  and  more  directly  by  building  the  wind  bracing  strong  enough 
to  take  care  of  itself  without  the  support  of  a  secondary  bracing,  and 
likewise,  he  thought  that  the  tower  legs,  being  the  real  supporters  of 
the  railway,  should  stand  out  boldly,  instead  of  looking  rather  slender 
and  more  or  less  overshadowed  by  a  great  mass  of  bracings.  But 
columns  of  large  size  meant  a  considerable  increase  in  the  height  of 
the  stories,  fewer  members  to  build,  a  quicker  erection  and  a  great 
reduction  in  field  riveting. 

For  these  reasons  the  writer  suggested  two  different  forms  of  tower 
bents,  one,  as  actually  built,  without   transverse  diagonals,  and  the 
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Fig.  1.— The  Old  Kinzua  Viai  hct  and  Traveler. 


Fig.  2.— New  Kinzl  a  \'iaduct  in  Process  of  Erection. 
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Fig.  1. 


other  as  hLowu  in  Fig.  1,  iu  both  of  which  a  secondary  bracing  is  dis- 
pensed with. 

Estimates  of  the  weight  of  each  frame  were 
made,  and,  although  the  rejected  form  of  bent 
has  merits  well  worth  full  consideration,  it  may 
be  dismissed  at  once,  since  its  discussion  is 
outside  the  province  of  this  paper.  The  follow- 
ing is  a  brief  description  of  the  work : 

The  great  reduction  of  the  bending  moments, 
due  to  the  wind  forces,  and  a  consequent  reduc- 
tion in  the  weight  of  the  towers,  is  due  to  the 
fact  that  each  bent  of  the  accepted  form  is 
practically  a  triangle,  with  the  principal  wind 
force  acting  at  the  top,  the  sides  being  rigidly 
united  at  the  apex  by  a  header,  8  ft.  10  ins. 
deep,  made  up  of  two  solid  plates  as  webs,  the 
chords  of  which  are  built  of  angles.  These 
facts,  taken  in  connection  with  the  general  appearance  of  the  frame, 
have  favored  the  adoption  of  this  form  of  bent. 

The  viaduct,  resting  on  the  old  piers,  is  2  053  ft.  long,  and  carries 
the  railway  on  twenty  towers  varying  in  height  from  30  ft.  to  about 
285  ft.,  from  the  top  of  the  masonry  to  the  base  of  the  rail,  and  having 
a  batter  of  1  to  6.  Fig.  2  is  an  elevation  of  the  highest  bent.  As 
mentioned  before,  no  secondary  bracing  has  been  used,  but  the  tallest 
towers  are  provided  with  horizontal  adjustable  bracings  to  line  up  the 
tower  legs  during  erection.  The  dimensions,  sizes  and  details  of  all 
the  towers  are  the  same  from  their  tops  downward,  or  in  other 
words,  the  dimensions,  sizes,  etc.,  for  any  tower  are  obtained  from 
the  tallest  tower  by  shortening  the  same  from  the  bottom  upward. 

The  height  of  the  stories,  taken  transversely,  is  62  ft.,  which  means 
an  increase  in  height  of  about  100%"  over  that  which  is  common  in 
viaducts,  while  the  height  on  the  longitudinal  faces  is  31  ft.  The 
columns  have  no  bents  at  the  top,  and  are  composed  of  two  plates,  2  ft. 
wide,  and  four  6  x  4-in.  angles.  They  measure  3  ft.  1  in.  transversely, 
and  are  laced  by  5  x  3-in.  angle  bars.  Through  each  end  of  the  lacing 
angles,  in  the  two  bottom  stories  of  the  tallest  towers,  pass  four  |-in. 
rivets,  while  only  three  |-in.  rivets  have  been  used  for  the  three  top 
stories.     The  bottom  struts  are  deep  angle  struts,  latticed  on  all  four 
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sides,  and  the  higher  bents  are  bolted  down  at  their  middle  to  a  pier. 
The  depths  of  the  intermediate  transverse  struts  are  4,  6,  7  and  8  ft., 
respectively.  They  have  been  designed  as  box  lattice  girders  with 
stiff  web  members  and  brackets  at  each  end,  portal  fashion.  Each 
chord  of  these  struts  is  composed  of  two  channels,  and  their  ends,  as 
well  as  those  of  the  headers,  are  shaped  fork-like  so  that  the  columns 
can  pass  between  the  channels  of  the  striits  and  the  web  plates  of  the 
headers,  by  which  means  substantial  and  very  rigid  connections  are 
obtained.  The  single  brackets,  the  legs  of  which  have  an  average 
length  of  12  ft.,  have  solid  webs,  and  where  they  connect  to  the 
columns,  the  plates  of  the  latter  are  stiffened  by  angles.  The 
longitudinal  diagonals  form  a  double  system,  and  are  built  of  two 
latticed  channels  connected  with  plates  at  their  intersection  points, 
and  where  these  diagonals  connect  with  the  columns  the  latter  are 
provided  with  two  diaphragms,  about  2  ft.  apart.  Each  tower  has  two 
longitudinal  bottom  struts,  but  no  other  longitudinal  struts,  which 
make  these  systems  complete  without  the  tower  stringers. 

The  tower  legs  are  bolted  to  the  masonry  by  two  1^-in.  bolts,  which 
had  been  used  in  the  old  viaduct,  and  which  vary  in  length  from  6  ft. 
to  aboiit  10  ft.  Provision  to  meet  the  effects  of  changes  in  temperature 
is  made  by  pockets,  riveted  to  the  headers,  in  which  the  ends  of  the 
intermediate  spans  can  slide.  There  are  in  all  twelve  freely  moving 
girder  ends  in  the  viaduct,  which  are  obtained  in  the  following  man- 
ner: Each  end  span  is  free  to  move,  as  also  the  intermediate  span  be- 
tween the  two  smallest  towers  at  each  end  of  the  viaduct,  and  five  pairs 
of  towers  are  united  by  having  their  intermediate  spans  riveted  tightly 
between  them,  and,  likewise,  two  groups  of  three  towers  each  are 
riveted  together.  In  this  way  the  stresses  arising  from  the  braking  of 
trains  are  reduced.  The  columns  of  the  three  smallest  towers  at  each 
end  of  the  structure  are  furnished  with  sliding  plates,  while  the  others 
are  provided  with  nests  of  friction  rollers. 

The  fixed  ends  of  the  tower  legs  are  jjlaced  on  the  north  side  of  the 
viaduct,  as  the  wind  blows  chiefly  from  that  direction. 

The  sjjans.  Fig.  3,  are  plate-girder  deck-sj)ans,  9  ft.  on  centers,  with 
the  tower  spans  riveted  between  the  headers.  The  depth  of  the  tower 
spans  is  4  ft.  6  ins.,  and  the  length  38  ft.  6  ins.  on  centers,  and  for  the 
intermediate  spans  the  depth  is  6  ft.  6  ins.  and  the  length  61  ft.  on 
centers.     The  chords  of  the  stringers  are  made  up  of  two  6  x  6-in. 
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angles  and  one  coverplate  14  ins.  wide,  wliich  runs  the  full  length, 
both  top  and  bottom,  of  all  stringers.  The  spans  are  provided  -with 
stiff  top  and  vertical  bracings,  but  bottom  bracings  are  omitted. 
Other  dimensions  and  sizes,  together  with  the  principal  details,  are 
shown  by  the  illustrations,  so  that  it  will  not  be  necessary  to  refer  to 
them. 

The  maximu.m  shearing  force  in  the  webs  of  the  plate  girders  is 
4  000  lbs.  per  square  inch  cross-section;  the  maximum  flange  stress 
in  the  intermediate  girders  equals  12  000  lbs.  per  square  inch,  and  that 
of  the  tower  girders  11  600  lbs.  The  maximum  stress  in  the  towers 
from  the  siijD loosed  combinations  of  loading  does  not  exceed  14000  lbs. 
per  square  inch,  while  the  elastic  limit  of  the  steel  used  is  between 
33  000  and  35  000  lbs. 

Under  the  assumed  loadings  the  anchor  bolts  are  never  called  into 
action.  The  shipping  weight  of  the  deck  spans  complete  is  638  tons 
and  that  of  the  towers  2  715  tons,  making  the  total  weight  of  the  viaduct 
3  353  tons.  The  structure  was  put  into  service  about  the  middle  of 
September,  1900. 

Ekection. 

The  work  of  erecting  the  viaduct  has  been  carried  on  simultane- 
ously from  each  end  by  two  travelers.  These  carried  the  hoisting 
machinery  and  spanned  a  clear  sjiace  of  160  ft.,  having  an  old  tower  in 
their  middle.  In  this  position  the  old  tower  has  been  taken  apart,  its 
material  hoisted  up  and  loaded  on  cars  to  be  run  out  to  the  shore  end 
of  the  structure,  whereiipon  a  new  tower  could  be  assembled.  The 
work  of  removing  the  old  viaduct  and  erecting  the  new  one  consumed 
four  months,  with  a  force  of  about  120  men  at  10  hours  a  day. 

Specifications. 

The  viaduct  was  built  under  the  regular  Erie  Railroad  specifica- 
tions for  bridges,  with  certain  modifications  as  to  allowable  stresses, 
as  follows:  Unit  stresses  for  live-  and  dead- loads  were  increased  25^^, 
and  in  the  flanges  of  the  girders  the  whole  cross-section  was  consid- 
ered as  available,  but  the  webs  of  girders  are  spliced  for  flange  stress, 
although  not  considered  in  flange  section. 

Where  combinations  of  wind  stresses — bending  and  direct — with 
dead-load  stresses,  or  combinations  of  all   the    above  with    live-load 
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stresses,  or  combinations  of  dead-load  stresses  with  live-load  stresses, 
and  traction  stresses  from  the  live  load  exist,  the  stresses  were  not 
allowed  to  exceed  the  above  by  more  than  50  per  cent. 

The  wind  pressure  for  the  loaded  structure  was  considered  to  be 
100  lbs.  per  vertical  foot  of  bent  plus  30  lbs.  per  square  foot  on  floor 
and  train.  That  for  the  light  structure  was  considered  to  be  160  lbs. 
per  vertical  foot  of  bent  plus  50  lbs.  per  square  foot  on  floor. 

Method  of  CAiiCux,ATioNs. 

There  is  no  group  of  stresses  which  calls  for  any  special  mention, 
except  that  which  is  due  to  the  wind  forces,  since  these  latter  are  re- 
sisted by  bending  as  well  as  by  direct  stresses,  and  for  this  reason  this 
group  of  stresses  alone  will  be  investigated. 

As  far  as  known,  the  stresses  in  frames  of  the  kind  under  considera- 
tion have  never  before  been  analytically  discussed,  and  it  may  be  noted 
that,  in  order  to  effect  a  solution,  the  problem  can  be  approached  from 
different  points  of  view.  The  writer  preferred  a  modern  analytical 
method,  proceeding  from  the  principle  of  least  work,  but,  before  ex- 
plaining the  method  of  application  of  this  principle,  some  general 
remarks  in  regard  to  these  tower  bents  will  be  given. 

In  comi^uting  the  stresses  in  a  bent  it  is  customary  to  proceed  from 
the  supposition  that  it  acts  like  a  cantilever,  fixed  at  the  bottom  and 
otherwise  free  to  move;  but,  while  the  influence  of  a  force  that  acts  on 
a  bent  with  articulated  joints  is  confined  to  a  field  extending  from  the 
point  of  application  of  the  force  to  the  bottom  of  the  bent,  a  force  that 
acts  on  a  bent  with  fixed  joints,  no  matter  where  its  point  of  applica- 
tion, exercises  an  influence  over  the  entire  frame.  A  bent  of  only  one 
story,  fixed  at  the  bottom  and  with  fixed  joints,  will  be  considered  first. 

Such  a  frame  partakes  of  the  nature  of  a  hingeless  arch,  and  if 
quite  a  general  case  of  loading  be  assumed,  then  this  frame,  like  the 
hingeless  arch,  is  threefold  statically  indeterminate;  that  is  to  say,  the 
values  of  three  unknown  quantities  must  first  be  found  before  the 
stresses  can  be  computed.  For  this  supposed  condition  of  loading 
none  of  the  points  of  contraflexure  is  at  the  center  of  the  difl'erent 
members,  and  those  of  the  columns  are  besides  in  difl'erent  horizontal 
planes.  But  this  state  of  things  is  changed,  if  we  have  to  deal  with 
special  loadings,  as,  for  instance,  the  wind  forces,  which  are  supposed 
to  act  as  concentrated  loads  at  the  panel  points  and  in  horizontal 
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planes.  In  this  case  the  frame  becomes  singly  statically  indeterminate. 
Tlie  hending  moments  of  the  columns  are  alike,  and  the  jjoints  of 
contraflexnre  are  on  the  same  level,  Init  not  in  the  middle  of  these 
members,  which  points  to  the  fact  that  the 
direct  stress  in  the  header  equals  half  of 
the  exterior  force,  and  with  the  jjoint  of 
contraflexnre  at  the  center  of  the  header. 

In  order  to  illustrate  the  foregoing- 
statements  we  pass  a  cut  a  a  through  the 
center  of  the  bent,  as  indicated  in  Fig.  4, 
and  apply  at  this  point  the  unknown 
vertical  force  X,  Fig.  5,  acting  upward 
in  the  left  fragment  and  downward 
in    the    right    fragment    of     the     frame.  ^^^-  "*• 

P 

We  also  api^ly  —y  to  each  fragment,  but  a  moment  need  not  be  applied 

at  the  center,  because  no  moment  can  pass  that  point.  The  problem 
is  now  to  determine  the  value  of  the  unknown  X.  In  like  manner  in  a 
two-story  bent  the  direct  stress  in  the  header  and  in  the  intermediate 
strut  is  equal  to  half  of  their  exterior  concentrations,  and  their  points 
of  contraflexnre  are  in  the  middle, 
while  the  bending  moments  of 
corresponding  columns  are  alike 
and  their  points  of  contraflexnre 
are  not  in  the  middle.  The  num- 
ber of  unknowns  in  a  two-story 
bent  is  therefore  2,  and  in  a  bent 
of  n  stories  the  number  is  n. 

The  problem  can  also  be  stated 
to  consist  of  finding  the  locations 
of  the  points  of  contraflexnre, 
because,  if  these  locations  were 
known,  it  would  only  be  necessary  to  resolve  the  resultant  of  the 
exterior  forces  into  the  reactions,  which  must  pass  through  the  points 
of  contraflexnre,  and,  with  the  reactions  known,  the  direct  stress  in 
any  member  and  the  bending  moment  in  any  point  of  the  frame  is 
easily  computed. 

Aside  from  the  margin  of  safety,  provided  for  by  the  specifications. 


Fig.  5. 
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judging  solely  from  his  previous  experience  with  frames  of  a  similar 
nature,  the  writer  felt  satisfied  that  this  graphical  method  would  answer 
all  practical  purposes.  In  fact,  he  planned  it  for  practical  use,  and  only 
his  desire  to  know  how  much  the  results  thus  obtained  would  vary  from 
the  analytical  results  i^rompted  him  to  develop  an  analytical  treatment. 

The  writer  made  the  calculations  for  a  wind  pressure  of  30  lbs.  jjer 
square  foot  on  girders  and  train  and  100  lbs.  jjer  vertical  foot  of  bent, 
and  for  five  different  bents,  varying  in  height  by  a  regiilar  story  of  62 
ft.,  excepting  the  top  story,  which  has  a  height  of  about  31  ft.,  and 
the  results  thus  obtained  answer  perfectly  well  for  the  bents  in  the 
entire  structure.  Considering  the  magnitude  of  the  stresses  thus  com- 
puted, an  approximate  determination  of  the  effects  of  a  wind  force  of 
50  lbs.  per  square  foot  on  the  girders  and  160  lbs.  per  vertical  foot  of 
bent  appeared  to  be  justifiable.  After  these  few  remarks  the  applica- 
tion of  the  principle  of  least  work  to  the  bents  will  now  be  shown,  but  in 
doing  so  the  reader's  familiarity  with  this  principle  must  be  assumed, 
since  a  demonstration  of  its  truth  is  beyond  the  scope  of  this  paper. 

The  bents  are  considered  as  being  under  no  initial  stress.  Neglect 
the  small  alterations  in  the  lengths  of  the  members  and  consider 
bending  alone.  The  principle  of  least  work  requires  that  the  work  of 
deformation  shall  be  a  minimum,  which  is  expressed  by 

J/2 


"'=y 


dx  =  Min. 


2EI 

In  this  term  TF=  work  of  deformation,  m  =  moment  of  the  exterior 
forces  at  any  point,  £'=  modulus  of  elasticity,  supposed  to  be  constant 
throughout  the  frame,  and  /=  constant  moment  of  inertia  of  a  member 
under  consideration.  Now,  if  the  work  of  deformation  be  a  minimum, 
its  partial  derivatives,  taken  siiccessively  with  respect  to  the  unknowns 

Xj,  X., X^,,  treated  as  independent  of  each  other,  must  be  put  each 

equal  to  zero.     The  equations  of  condition  are  then  as  follows: 


\~  sx^         -^  El  dX,  '^'' 

8X.^  ~^  EI 

sx,  'ei 


sw 

dX, 

M- 
8W_'^^J    'i'E  i       A^    I   31  631 
rx, 8X,  EI  S~X,      ''  ~' 

S  W  ^  °LJ   2El        J        I    M  <53/  ^^  ,^  _  Q 
8  X„  8  X„  E  I  8  Xn 
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Fig.  1.— KiNzrA  Viaduct.— Central  View  Through  Top  Story. 


Fig.  2.— Kinzua  Viauuct.— Central  View  Through  an  Intermediate  Story, 
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The  equations  "A"  are  difectly  applicable  to  the  bents,  biit  it 
must  be  noted  that  the  integrations  have  to  be  extended  over  the  whole 
frame,  which  is  equivalent  to  saying  that  the  integrals,  after  they 
have  been  computed  with  respect  to  the  individual  members  of  the 
frame,  must  all  be  added  together.  The  reader  is  now  referred  to  the 
stress  sheets.  Figs.  6,  7  and  8,  and  to  the  table  on  pages  1080  and 
1081,  which  the  writer  prepared  for  the  sake  of  convenience.  The 
stress  sheets  and  the  table  contain  all  the  data  necessary  for  the  com- 
putations, and  by  the  use  of  the  table  the  diflferent  sets  of  the  equa- 
tions of  condition  can  readily  be  written  down  at  once;  but  it  should 
be  remarked  that  each  computed  integral,  as  given  in  the  table,  must 
be  divided  by  its  corresponding  moment  of  inertia  and  also  by  E,  the 
modulus  of  elasticity.  E,  being  a  constant,  drops  out  of  the  equa- 
tions, if  these  are  all  multiplied  by  E. 

Returning  to  the  one-story  bent  and  referring  to  the  stress  sheets, 
the  method  of  computation  is  now  as  follows: 

Header  : 

31  =  —  X.^  r;   -—  =  _  r. 

h  =  4.765 

/  ^T^ ^^ "^  =   /^  r'^dr  =  36.06  Z.. 
o 
Cobimn : 

31=  P,z-X,  [h  +  n  z);  ^  ^  -  [h  +  n  z) 

a  =  31.16 

J^T^'^  ■'-'  ""  ~J ^^^^ ~  ^'  ^^'  +  "  ^^-1  (^'  +  "  2)dz  = 
—  26760.27  +  1758.54  X^ 
The  equation  of  condition  becomes  now: 

36.06  X,  _  2676''. 27— 1758. 54 X,  _ 
107500   ~  10750  ~ 

and  its  solution  gives:  X-^  =  15.2  tons.     Likewise,  the  two  equations  of 
condition  for  a  two-story  bent  are  found  from  the  table,  viz. : 

—  26760.27  f  1758.54  X^  —  451582.21  -t-  14735.11  [X,  +  X4]   36.06  X5  _ 

10750  ^    107500  "    ■ 

—  453582.21  +  14735.11  [X,  +  XJ   329.35  X^  _  „ 


10750  '   5511 

The  values  of  the  unknowns  are:  X-  =  19.27  tons  and  X^  =  10.9  tons. 
After  the  unknowns  have  been  determined,  it  is  then  easy  to  calcu- 
late the  bending  moments  at  every  point  of  the  frame. 
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The  direct  stresses  in  the  cohimus  =  q:  sin  a  2  P  zf  cos  a  2  X, 
and  they  are  tension  on  the  windward  and  compression  on  the  leeward 
side  of  the  bent,  a  being  the  angle  formed  by  the  axis  of  the  tower  leg 
and  the  vertical.  The  shear  on  the  columns  is  principally  and  effect- 
ively resisted  by  the  lacing  angles. 


-38-6-c.to-C-Benl3_ 


.  Cross  Frames. 


Top  Laterals. 
Assumed  Dead  Load=1200  per  lin.  foot  of  span. 
Fig.  6. 


Mai.  Stress  16j  000 
Min.  ..  24  700 
Mai.  Shear  81  560 
Min.  i.  11  6.W 
Each  Flange.  , 

2LsG'iG"i>i6 
1-14  I  'fs  fullllength 
15.37  "Gross.    13.76""net 
Web  54°l  fji". 


Top  Laterals. 
^  Assumed  Dead  Load=1400  per  lin.  foot  of  span. 

Fig.  r. 

Bent  of  1  story ^5  =  15.2. 

"      "  Sstories JT,  =  19.27;  JT^  =  10.9. 

''      "3        "       X5  =  19.41;  X^  =  11.64;  ^3  =  7.77. 

"      "4       " JTs  =  19.43;  X4  =  11.67;  -r3  =  8.10;  X„  =  5.86. 

■'      '^5       "      Xs  =  19.44;  X,  =  11.68;  ^3  =  8.14;  X„  =  6.2;  X, 


Mai.  Stress  243  000 
Min.  ••  60  000 
Mai.  Shear  116350 
Min.  "  21  360 
Each  Flange 

2ls6  I  O'l  ^ 

l-14'i  9,^5  full  len^h 

22.09"Gross.  19.71"  net 

Web  78  I  %' 


In  the  manner  just  outlined  the  computations  for  the  five  different 
bents  have  been  made,  and,  although  it  was  somewhat  tedious,  it  in  no 
wise  proved  to  be  a  hardship.  The  structure  of  the  equations  of  con- 
dition is  such  that  those  for  a  four-  and  flve-story  bent  have  been 
effected  by  ordinary  means,  instead  of  having  recourse  to  the  theory  of 
determinants. 

The  stress  sheets  show  also  the  direct  stresses  and  bending 
moments  of  the  highest  bent  from  the  wind  forces  found  by  grajshic 
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statics  as  explained  before,  under  the  assumption  that  the  points  of 
contraflexure,  through  which  the  reactions  must  i^ass,  are  in  the 
middle  of  each  member  of  the  bent. 

The  forces  are  all  given  in  tons  and  the  moments  in  foot-tons.  The 
algebraic  sum  of  the  moments  around  a  panel  point  must  equal  zero. 
Roughly  speaking,  the  moments  of  the  struts  are  about  twice  as  great 
as  those  of  the  columns. 

The  author  made  a  special  investigation,  which  brought  out  the 
fact  that  the  moments  of  inertia  of  a  group  of  members  may  be 
changed  as  much  as  100%"  without  materially  altering  the  final  results. 
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CANALS  FROM  THE  LAKES  TO  NEW  YORK. 
Discussion.* 


By  Messrs.  Thomas  W.  Symons,  Isham  Randolph  and 

Archibald  Sohenck. 


Thomas  W.  Symons,  M.  Am.  See.  C.  E.  (by  letter). — Withoxxt  enter- 
ing upon  a  disciission  of  the  general  canal  proposition,  the  writer  feels 
compelled  to  take  exception  to  some  of  the  statements  in  Mr.  Wisner's 
valuable  j^aper,  and  particularly  wishes  to  dissent  from  his  fourth 
conclusion,  which  is  as  follows: 

"The  decline  of  traffic  on  the  Erie  Canal  since  1880,  and  the  failure 
of  the  14-ft.  Canadian  canals  to  divert  commerce  from  the  lake  and 
railroad  lines,  indicate  that  a  waterway  of  less  depth  than  required  for 
the  passage  of  the  best  tyjie  of  lake  freighters  cannot  materially 
modify  the  transportation  rates  over  existing  routes." 

The  decline  of  traffic  on  the  Erie  Canal  is  due  to  very  many  causes, 
the  principal  ones  being  that  it  is  not  in  any  manner  up  to  date,  that 
the  towing  is  still  being  done  on  it  largely  by  horses  and  mules,  and 
that  the  business  has  never  been  organized  and  conducted  on  modern 
lines.  It  has  been  seriously  handicapped  by  the  fact  that  improvements 
have  been  undertaken  and  discussed  which  would  render  the  old  type 
and  size  of  boats  obsolete;  rendering  it  inadvisable  as  a  business  prop- 
osition for  people  to  build  new  boats  for  canal  business  or  to  replace 

*  This  discussion  (of  the  papers,  by  Joseph  Mayer  and  George  Y.  Wisner,  Members 
Am.  Soc.  C.  E.,  printed  in  Proceedings  for  October,  1900)  is  printed  in  Proceedings  in 
order  that  the  views  expressed  may  be  brought  before  all  members  of  the  Society  for 
further  discussion. 

C:!ommunications  on  this  subject  received  prior  to  December  38th,  1900,  will  be  printed 
in  a  later  number  of  Proceedings,  and  subsequently  the  whole  discussion  will  be  pub- 
lished in  Transactions. 
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those  outworn,  with  the  possibility  before  them  of  a  larger  canal  in  Mr.  Syroons. 
the  near  future. 

That  the  traffic  on  the  Erie  Canal  has  declined,  it  is  true,  but  it 
would  immediately  spring  up  and  grow  to  enormous  dimensions  if  a 
prosier  barge  canal  were  built  in  its  place,  if  legislative  restrictions  on 
the  capital  of  operating  transportation  companies  were  removed,  and 
if  the  business  -were  organized  in  a  thoroughly  up-to-date  manner.  It 
must  not  be  forgotten  that  if  the  Erie  Canal  has  stood  still,  or  worse 
than  still,  for  the  last  thirty  years,  the  competing  railroads  have 
improved  their  transportation  facilities  enormously  in  ways  which  it 
is  unnecessary  to  recount  here. 

But  the  most  palpable  error  in  this  fourth  conclusion  of  Mr. 
Wisner  is  his  acceptance  and  statement  as  to  the  "failure  of  the  14-ft. 
Canadian  canals  to  divert  commerce  from  the  lake  and  railroad  lines." 
As  a  matter  of  fact,  the  Canadian  14-ft.  canal  system  has  not  yet  been 
fully  completed,  and  it  has  not  yet  been  tised  by  any  boats  drawing 
14  ft.,  and  probably  will  not  be  for  some  time.  Considerable  work 
remains  to  be  done  in  the  canals  and  the  St.  Lawrence  River  before 
this  transportation  scheme  is  fully  comjileted.  In  addition  to  this, 
the  Canadian  government  and  private  jiarties  have  only  ]ust  begun 
work  at  Port  Colborne  and  Montreal  to  prepare  for  the  traffic  which 
they  expect  to  go  through  this  commercial  highway  formed  by  the 
Welland  Canal,  Lake  Ontario,  and  the  St.  Lawrence  River  and  Canals. 
According  to  the  papers,  quite  a  number  of  boats  are  being  ^jrojected 
and  a  number  are  being  built  to  run  on  this  route  as  soon  as  it  is  com- 
plete, and  Mr.  Wisner  has  certainly  jumped  at  a  conclusion  which  is 
in  no  manner  justified  by  the  facts  and  present  data.  The  14-ft.  Can- 
adian canals  may  be  determined  hereafter  to  be  failures,  but  it  cer- 
tainly has  not  been  proven  yet,  in  advance  of  their  comj^letion. 

His  premises  being  entirely  in  error,  it  follows  that  his  conclusion 
"that  a  waterway  of  less  depth  than  required  for  the  passage  of  the 
best  type  of  lake  freighters  cannot  materially  modify  the  transporta- 
tion rates  over  existing  routes  "  is  unfounded  and  unjustifiable.  In 
fact,  even  granting  the  premises,  the  conclusion  is  by  no  means  justi- 
fiable. The  barge  canal  proposed  for  the  Erie  Canal  route  has  a 
capacity  for  boats  four  times  the  size  of  those  now  in  use.  To  say 
that  they  cannot  materially  modify  transportation  rates  is  just  as 
absurd  as  it  would  be  to  say  that  8  000- con  steamers  on  the  Lakes  can- 
not materially  modify  rates  suitable  to  2  000-ton  steamers. 

To  aid  him  in  his  contentions,  Mr.  Wisner  is  willing,  apparently, 
to  stand  sponsor  for  the  statement  that  in  the  case  of  wooden  barges 
and  steel  barges  of  the  same  size  and  model,  the  power  required  to 
tow  the  wooden  barges  is  about  twice  that  required  for  towing  steel 
barges,  and  that  "  the  cost  for  towing  per  ton-mile  for  the  wooden 
barge  is  about  double  that  for  the  steel."     This,  he  states,  is  based 
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Mr.  Symons.  upon  some  experiments  in  towing  by  Captain  C.  V.  Snppan,  Chief  of 
the  Steam  Navigation  Service  on  the  Danube.  This  alleged  fact  in 
regard  to  the  difference  in  the  cost  of  towing  steel  and  wooden  barges 
is  so  contrary  to  common  sense  and  experience  that  it  is  difficult  to 
understand  how  an  engineer  of  standing  would  be  willing  to  use  it  in. 
an  argument  in  favor  of  anything.  The  only  difference  there  could 
IDOssibly  be  would  be  in  the  skin  friction  on  the  outside  of  the  boat. 
Assuming  that  the  steel  boat  and  the  wooden  boat  were  in  equally 
good  condition,  the  difference  in  the  amounts  of  this  skin  friction 
would  necessarily  be  very  slight.  This  is  one  of  the  reasons  why  Mr. 
Wisner,  in  his  comparative  tables  of  cost  of  transportation,  insists 
ui)on  the  transportation  through  the  barge  canal  being  done  in  expen- 
sive steel  vessels,  instead  of  cheap  wooden  ones.  As  a  matter  of  fact, 
one  of  the  strongest  arguments  in  favor  of  the  barge  canal,  following 
the  general  route  of  the  Erie  Canal,  is  that  business  upon  it  can  be 
done  in  cheap  light  wooden  boats,  as  these  boats  would  not,  at  any 
part  of  the  route,  be  subjected  to  the  storms  which  prevail  at  times 
on  the  Great  Lakes. 

Mr.  "Wisner  gives  4|"',|  as  the  rate  of  insurance  on  a  fleet  of  barges 
operating  on  the  canal.  As  a  matter  of  fact,  the  prevailing  rate  is  2% 
for  steamers  and  l^o  for  ordinary  boats,  making  the  average  insurance 
rate  on  a  fleet  of  one  steamer  and  three  plain  barges  less  than  1^%,  or 
less  than  one-third  of  the  amount  stated  by  Mr.  Wisner.  He  has  also 
increased  the  cargo  insurance  in  some  unexplained  manner. 

By  swelling  the  cost  of  the  necessary  boats  for  operating  on  the 
canal  in  an  entirely  unnecessary  manner,  which  largely  increases  the 
charge  for  insurance,  interest,  and  deterioration,  Mr.  Wisner  makes 
his  showing  favorable  to  the  ship  canal. 

The  steel  boats  estimated  on  by  Mr.  Wisner  would  be  able  to  navi- 
gate the  ojien  Lakes  as  the  Cleveland  steel  boat  fleets  are  doing  to- 
day, and  could  run  between  the  Lakes  and  the  sea  in  competition  with, 
the  large  steamers  on  the  proposed  ship  canal,  and  because  of  their 
much  lower  cost  per  ton  of  carrying  capacity  (about  one-third),  and 
lower  operating  exiienses,  could  furnish  transportation  cheaper  than 
could  the  large  steamers. 

Mr.  Wisner  also  predicates  his  findings  on  the  lake  ship  going  to 
New  York  and  getting  as  quick  dispatch,  or  nearly  as  quick,  as  it  gets 
at  the  Lake  ports.  Now,  this  cannot  be  admitted  as  a  reasonable  pro- 
bability. The  only  way  in  which  it  could  get  a  quick  dispatch  would 
be  to  go  to  an  elevator  and  discharge  its  cargo  and  return  with  little 
or  no  cargo.  This  would  mean  another  handling  of  the  cargo  in  New 
York  and  an  added  expense  of  about  as  much  as  the  total  cost  of 
transportation  on  a  barge  canal.  The  conditions  under  which  busi- 
ness is  done  in  New  York  are  such  as  to  preclude  the  reasonable  pro- 
bability of  a  lake  ship  delivering  its  cargo  into  a  foreign-boimd  ship 
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directly,  except  occasionally.  Nearly  all  the  foreign-bound  com-  Mr.  Symons. 
merce  of  New  York  leaves  the  port  as  berth  cargoes  in  the  large  ocean 
liuers.  These  ships  do  not  leave  their  docks,  freight  has  to  be 
brought  to  them,  and  there  is  not  room  at  the  dock  for  the  ocean  ship 
and  the  lake  ship,  while  there  is  room  for  the  canal's  boats  and  the 
necessary  means  of  transfer,  such  as  floating  elevators,  etc.  To  get 
anything  like  the  disj)atch,  at  the  Port  of  New  York,  on  which  Mr. 
Wisner  figures,  would  require  a  very  complete  upheaval  and  reversal 
of  the  methods  of  doing  business  in  this  great  port. 

There  would  certainly  be  serious  delays  in  the  ordinary  transaction 
of  business,  in  getting  rid  of  the  cargo  of  a  great  ship,  which  delays 
could  only  be  obviated  by  going  to  large  expense  in  extra  handling  of 
the  cargo. 

Even  if  the  port  delays  to  the  barges  of  a  barge  canal  were  as  great 
in  New  York  as  the  delays  to  the  ship,  these  delays  would  not  be  so 
serious,  as  the  cost  per  ton  capacity  for  the  barges  is  very  much  less 
than  the  cost  i^er  ton  capacity  of  a  great  ship,  and  the  ojjerating 
expenses  of  the  barges  are  very  much  less  than  the  operating  expenses 
of  a  ship,  either  moving  or  in  port. 

There  are  decided  reasons  for  believing  that  it  would  be  more  con- 
venient, and  better  for  commerce,  to  have  nearly  all  the  western  pro- 
ducts arrive  in  New  York  in  lots  of  about  1  000  tons,  in  place  of  having 
them  arrive  in  lots  of  6  000  to  10  000  tons.  Nearly  all  our  exports  are 
shijji^ed  as  berth  cargoes  in  vessels  carrying  diversified  loads,  not 
more  than  10  to  IS.^o  being  shipijed  in  full  cargo  lots.  A  cargo  of 
8  000  tons  arriving  in  eight  different  loads  would  go  to  eight  dif- 
ferent ships  and  be  transferred,  as  is  the  custom  now,  directly  into  the 
ship  without  its  leaving  its  own  berth.  The  advantages  of  this  in 
economy  and  time  saving  are  obviously  very  great.  That  it  is  some- 
times more  advantageous  to  divide  a  large  amount  of  freight  into 
several  lots  than  to  carry  it  all  in  one,  is  exemplified  in  the  transporta- 
tion of  coal  by  water  along  the  Atlantic  seaboard.  The  enormous 
business  of  transporting  some  30  030  000  tons  i^er  year  is  practically 
all  done  in  barges  of  1  000  to  2  000  tons,  three  or  four  of  them  being 
towed  by  one  tug.  The  business  of  transj^orting  this  coal  was 
formerly  done  in  single  steamers  and  sailing  vessels,  but  the  tow 
barge  system  has  supjdanted  this  method  almost  entirely,  and  the 
writer  cannot  but  regard  it  as  a  lesson  fraiight  with  very  great  value 
to  any  student  of  the  problem  of  connecting  the  Great  Lakes  with  the 
ocean  by  a  water  route. 

The  data  furnished  by  Mr.  Wisner  is  not  at  all  sufficient  to  prove 
that  the  Great  Lake  freighters  could  with  safety  make  a  speed  of  8 
miles  per  hour  in  the  canal  proposed  by  the  Board  of  Engineers  on 
Deep  Waterways.  There  is  much  to  be  said  on  the  other  side.  The 
fact  that  boats  habitually  pass  through  the  short  straight  St.  Clair 
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Mr.  Symons.  .Flats  Canal  at  a  speed  of  7  to  11  miles  per  hour  is  not  conclusive 
that  it  would  be  safe  to  maintain  this  speed  with  full-sized  ships  in  a 
comparatively  long  canal,  with  more  or  less  curvature,  and  rocky 
bottom  and  sides.  If  the  ship  canal  has  a  commerce  upon  it  in  large 
ships  sufficient  to  justify  the  enormous  expense  to  be  incurred  in 
building  and  maintaining  it,  it  must  necessarily  be  fairly  well  crowded 
with  boats  at  all  times,  day  and  night,  in  windy  and  stormy  weather 
as  well  as  quiet  and  pleasant  weather,  and  under  ail  circumstances. 
The  writer  cannot  conceive  of  these  ships  being  driven  at  a  speed 
of  8  miles  per  hour  and  meeting  and  passing  other  ships  without  pictur- 
ing to  himself  very  great  danger  of  accidents. 

Experience  demonstrates  that  accidents  are^bound  to  occur  to  ships 
navigating  such  a  narrow  channel,  and  that  it  will  be  necessary  for 
them  to  move  slowly  and  with  the  utmost  caution.  Any  accident 
which  leads  to  the  sinking  of  a  ship  in  such  a  narrow  canal  might,  and 
probably  would,  in  many  cases  comiDletely  block  the  canal  until  the 
ship  could  be  raised  and  gotten  out  of  the  way.  During  the  season  of 
1899  there  were  throe  incidents  m  the  history  of  transjiortation  on  the 
Lakes  v/hich  illustrate  this  danger  and  the  serious  consequences  which 
are  likely  to  be  incurred  through  an  accident.  In  the  early  part  of 
September,  1899,  one  of  the  Great  Lake  boats,  the  Douglas  Houyhten, 
laden  with  ore,  broke  her  steering  gear,  and  went  aground  in  the  chan- 
nel of  the  St.  Marys  River.  In  sinking  she  swung  around  across  the 
channel  and  completely  blocked  it.  It  took  five  days  of  great  effort  to 
get  this  vessel  afloat  and  out  of  the  cha^nuel,  and  in  the  meantime  332 
vessels  were  blocked  and  unable  to  get  by.  This  caiised  a  great  loss 
to  the  Lake  carrying  interests,  probably  over  ^500  000. 

In  the  latter  part  of  November  another  blockade  of  the  St.  Marys 
Eiver  Channel  occurred,  due  to  a  collision  in  which  three  vessels,  two 
steamers  and  a  tow  barge,  were  mixed  up  and  stranded,  and  this  caused 
a  delay  of  nearly  four  days  to  some  167  vessels,  and  involved  a  very 
great  loss. 

In  the  early  jjart  of  December  a  tow  barge  went  aground  in  the 
channel  leading  to  the  St.  Clair  Flats  Canal,  blocking  the  canal  for 
nearly  two  days  and  delaying  35  vessels. 

Besides  these  greater  accidents,  delaying  many  ships,  there  are  con- 
stantly being  reported  other  accidents  of  a  less  serious  character  in 
these  inter-lake  channels,  such  as  the  sinking  of  individual  vessels,  col- 
lisions and  damage,  the  stranding  of  vessels,  etc.,  due  to  breaking  of 
steering  gear,  mistaken  signals,  or  boats  taking  a  sheer.  Besides,  there 
is  the  likelihood  of  accidents  to  vessels  at  the  locks  themselves,  causing 
detentions  and  blockades. 

There  is  no  getting  over  the  fact  that  the  home  and  jjlace  for  large 
ships  is  in  the  wide  free  waters,  and  that  when  they  enter  the  narrow 
waters  they  are  siibject  to  grave  dangers,  and  must  move  with  extreme 
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caution.  So  great  are  these  dangers  on  the  narrow  channels  of  ;^00  to  Mr.  Symons. 
400  ft.  width  connecting  Lakes  Erie,  St.  Clair,  Hiii'on  and  Superior 
that  the  shipping  interests  of  the  Great  Lakes  are  making  strenuous 
efforts  to  get  the  Government  either  to  widen  them  to  600  or  800  ft.,  or 
to  build  duplicate  channels,  one  to  be  used  by  ui)-bo\ind  and  one  by 
down-bound  vessels. 

It  does  not  do  to  shut  our  eyes  to  the  jjerils  of  great  ships  in  nar- 
row channels.  In  spite  of  all  precautions,  such  accidents  ai-e  likely  to 
happen  in  narrow  channels  traversed  by  ships  of  7  000  to  10  000  tons 
capacity.  The  longer  the  channel,  the  greater  is  the  likelihood  of  acci- 
dent, and  it  is  easy  to  imagine  that  in  a  ship  canal,  from  Lake  Erie  to 
Lake  Ontario,  and  from  Lake  Ontario  or  the  St.  Lawrence  River  to 
New  York,  such  accidents,  blockades  and  detentions  would  be  of  fre- 
quent occurrence,  if  used  by  many  vessels.  These  would  all  tend  to 
reduce  greatly  the  average  speed  attainable  in  the  canal.  Of  course, 
accidents  and  detentions  are  likely  to  occur  on  a  small  canal  also,  but, 
owing  to  the  greater  ease  with  which  the  smaller  locks  and  boats  can 
be  managed,  the  dangers  here  are  not  so  marked;  besides,  the  results 
of  accidents  on  a  small  canal  are  not  so  likely  to  be  disastrous  as  in 
the  case  of  a  greater  canal  and  larger  boats.  It  is  a  much  easier  and 
quicker  matter  to  lighter  a  small  vessel  carrying  a  few  hundred  tons 
than  it  is  to  do  so  with  a  great  freighter  carrying  several  thousand  tons. 

There  is  another  j)oint  of  view  from  which  this  problem  must  be 
looked  at,  and  which  should  receive  very  serious  consideration.  The 
canal,  if  built,  will  be  built  by  the  United  States  at  a  cost  of  about 
$200  OOQ  000.  If  built  by  the  United  States  the  benefits  should  all  ac- 
crue to  the  United  States,  but  would  they?  It  is  the  writer's  very  de- 
cided opinion  that  they  would  not.  If  a  ship  canal  be  built  from  Lake 
Erie  to  New  York  by  the  Ontario-St.  La'WTence-Champlain  route  it 
would  be  more  apt  to  redound  to  the  disadvantage  of  American  com- 
merce than  to  its  advantage.  Such  a  ship-canal  route  would  follow 
down  the  St.  Lawrence  until  within  about  50  miles  of  the  seaport  of 
Montreal.  It  would  then  branch  off  to  New  York,  which  would  be 
reached  only  after  traversing  some  350  miles  of  canal,  lake  and  river, 
and  when  at  New  York,  commodities  destined  for  most  foreign  markets 
would  be  further  away  from  these  markets  than  they  were  when  they 
left  the  St.  Lawrence.  Such  a  canal  would  be  of  some  benefit  to  our 
local  and  strictly  domestic  business,  but  it  would  just  as  certainly  be 
a  detriment  to  our  inbound  and  outbound  foreign  commerce,  tending 
strongly  to  take  it  away  from  New  York  and  our  other  North  Atlantic 
cities  and  build  up  the  commerce  of  Montreal.  Of  course,  to  reach 
Montreal,  Canada  would  have  to  add  a  short  section  to  our  ship  canal, 
but  this  she  would  certainly  do,  and  then  it  would  be  inconceivable 
that  grain,  lumber,  iron  ore,  manufactured  steel  or  other  articles  de- 
stined for  foreign  markets,  reaching  within  50  miles  of  Montreal,  would 
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Mr.Symons.  retrace  their  steps  through  350  miles  of  contracted  waterway  back  to 
the  Port  of  New  York. 

The  same  is  true,  though  to  a  somewhat  less  extent,  in  regard  to 
the  ship  canal  projected  by  the  Oswego-Ontario-Oneida-Mohawk  route. 
If  the  Great  Lake  freighters,  carrying  from  7  000  to  10  000  tons  of  pro- 
duce, should  go  into  Lake  Ontario,  they  could  continue  on  down  the 
splendid  waterway  of  Lake  Ontario  and  the  St.  Lawrence  River  as  far 
as  Prescott  and  Ogdensburg,  only  about  120  miles  from  Montreal,  and 
then  transfer  into  2  (100  or  3  OOQ-ton  barges  to  be  taken  through  the 
Canadian  canals  to  Montreal.  All  foreign-bound  commerce  would  un- 
doubtedly take  this  course  rather  than  the  route  from  Oswego  to  New 
York  through  320  miles  of  contracted  and  dangerous  waterway  with  its 
590  ft.  of  lockage.  It  is  altogether  certain,  too,  that  in  this  event 
Canada  would  soon  enlarge  her  St.  Lawrence  canals  so  as  to  permit  the 
Great  Lake  vessels  to  run  directly  to  Montreal,  and  the  resultant 
benefits,  in  that  event,  would  be  far  greater  to  Canada  than  to  the 
United  States. 

Whatever  canal  is  built  should  be  so  located  that  its  benefits  would 
only  accriie  to  the  United  States,  and  there  is  only  one  canal  route  be- 
tween Lake  Erie  and  the  ocean  of  which  this  is  true,  and  that  is 
along  the  line  of  the  present  Erie  Canal.  This  route  is  not  available 
for  a  ship  canal,  but  is  available  and  well  suited  for  a  barge  canal, 
and  is  the  only  route  which  should  ever  be  considered  by  the  people  of 
the  United  States. 

The  point  made  by  Mr.  Wisner  against  the  barge  canal,  that  it 
could  only  be  fully  and  properly  utilized  by  the  organization  of  large 
transportation  companies  to  operate  boats  on  the  Lakes  and  canal 
with  elevators  at  Buffalo,  and  that  these  transportation  companies  and 
lake  and  rail  lines  would  probably  combine  to  maintain  rates  and 
thereby  destroy  the  benefits  from  such  a  canal,  is  not,  in  the  writer's 
opinion,  well  taken.  Such  a  canal  would  be  free  to  any  number  of 
transportation  companies,  just  as  free  as  the  Lakes  themselves,  and 
while  such  a  combination  might  be  made,  it  is  also  equally  probable 
that  in  that  event  other  companies  would  be  organized  and  do  business 
at  the  lowest  profitable  rates.  The  charge  of  a  jjossible  combination 
to  maintain  rates  would  lie  almost  as  well  against  the  shi})  canal 
advocated  by  Mr.  Wisner  as  against  the  barge  canal.  In  fact,  in  some 
respects  it  would  lie  more  strongly,  for  it  woiild  take  less  cajntal  to 
break  into  a  barge  canal  combination  than  into  a  ship  canal  combina- 
tion. 

Mr.  Wisner  says: 

"  Since  1880,  when  the  traffic  on  the  Erie  Canal  reached  a  maximum, 
the  rate  per  ton-mile  on  the  railroads  from  the  Lakes  to  the  seaboard 
has  been  nearly  double  that  on  the  Erie  Canal,  *yet  during  that  time 
the  business  on  the  canal  has  diminished  one-half,  while  that  on  the 
railroads  has  nearly  trebled,"  etc. 
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While  it  may  be  true  tliat  railroad  freight  rates  are  double  those  on  Mr.  Symons. 
the  canal,  if  there  be  included  all  kinds  of  freight  carried,  and  all  the 
year  round,  it  is  not  true  if  there  be  included  only  the  heavy  coarse 
freight  ordinarily  carried  on  the  canal,  and  during  the  period  of  canal 
navigation.  For  many  years  the  canal  rates  and .  railroad  rates  on 
grain,  etc.,  have  very  closely  approximated  to  each  other  during  the 
period  of  canal  navigation,  the  railroad  rates  going  up  at  the  close  of 
this  period.  As  an  illustration  it  is  to  be  noted  that  the  prevailing 
rate  of  3  cents  per  bushel,  which  the  railroads  have  been  charging  all 
summer,  has  just  been  lifted  by  the  railroad  combination  to  4  cents,  an 
arbitrary  increase  of  33^%.  to  take  effect  November  1st,  about  the  close 
of  the  season  of  canal  navigation. 

The  writer  is  glad  that  he  can  so  completely  agree  with  Mr. 
Wisner  in  one  respect,  and  that  is  in  his  belief  that  a  canal  for  deep 
sea  ships  of  30  ft.  draft  is  not  advisable  or  justifiable.  The  writer 
investigated  this  matter  and  reported  to  this  effect  to  the  General 
Government  in  1897.  He  has  not  yet  seen  reason  to  doubt  the  correct- 
ness of  the  conclusions  reached  in  that  report — that  there  is  one 
type  of  vessel  best  suited  for  use  on  the  ocean,  another  on  the  Lakes, 
and  another  on  narrow  canals  and  waterways;  that  economy  of  trans- 
jjortation  demands  that  the  vessel  be  suited  to  the  waters  which  it  . 
traverses,  and  that  no  single  type  of  vessel  has  been,  or  i^robably  will 
be,  devised,  which  is  suitable  to  all  three  or  any  two  of  the  waters 
mentioned.  He  also  cordially  agrees  with  Mr.  Wisner  that  the  depth 
to  be  aimed  at  for  the  inter-lake  channels  and  Lake  harbors  should  be 
limited  to  that  suitable  for  vessels  of  20-ft.  draft. 

Mr.  Wisner  and  others  who  advocate  a  ship  canal,  lay  great  stress 
on  its  influence  in  expanding  the  ship-building  industries  of  the 
country  and  "restoring  the  Merchant  Marine  of  the  United  States  in 
foreign  trade."  The  writer  is  unable  to  see  much  in  this  argument. 
Ships  are  going  to  be  built  on  the  seashore  and  on  the  Lakes  just  as 
fast  as  they  are  needed,  and  ships  of  the  same  character  will  cost  nearly 
the  same  in  one  place  as  another.  As  an  instance  of  this  it  may  be 
mentioned  that  a  shijj  of  Canadian  canal  size  has  just  been  launched 
in  Buffalo,  destined  for  ocean  trade,  while  at  the  same  time  the  City  of 
Buffalo  is  having  a  large  steel  fire  tug  built  on  the  seacoast,  the  con- 
tract for  the  latter  having  been  awarded  after  full  competition.  The 
mere  transference  of  an  industry  from  one  section  of  the  country  to 
another  is  not  in  itself  a  benefit  for  which  the  whole  country  should  be 
called  upon  to  pay  a  large  sum  of  money. 

The  foregoing  is  intended  as  an  answer  to  a  good  deal  that  appears 
in  Mr.  Mayer's  interesting,  but  rather  transcendental,  paj^er.  Some 
of  his  theoretical  deductions  are  based  on  entirely  erroneous  data. 
For  instance,  he  bases  some  of  his  theories  on  an  amount  of  tonnage 
tributary  to  a  ship  canal  that  is  far  beyond  any  reasonable  probability 
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Mr,  Symons.  at  any  time  in  the  near  future.  If  he  were  more  familiar  with  the 
business  of  trans^jortation  on  the  Lakes  he  would  know  that  the  total 
tonnage  passing  through  the  Detroit  River  and  the  Sault  Ste.  Marie 
has  little  relation  to  the  amount  of  tonnage  that  would  pass  through  a, 
ship  canal  from  Lake  Erie  to  the  sea.  The  Detroit  River  and  Sault 
Ste.  Marie  tonnage  is  made  up  principally  of  coal,  ore,  lumber  and 
grain.  Practically  none  of  the  coal  would  be  apt  to  pass  through  the 
ship  canal,  but  little  of  the  ore,  while  possibly  half  of  the  lumber  and 
two-thirds  of  the  grain  might  be  conceived  as  using  the  canal.  Mr. 
Mayer's  estimate  of  36  000  000  tons  as  a  reasonable  amount  of  tonnage 
on  which  to  base  his  estimate  is  far  beyond  reason.  Even  Mr.  Wisner, 
strong  advocate  of  the  ship  canal  as  he  is,  only  uses  15  000  000  tons  in 
his  estimates.  It  is  nearer  the  mark,  for  some  years  to  come,  to  figure 
on  10  000  000  tons,  with  a  possible  increase  to  15  000  000  or  20  000  000 
tons  in  the  not  distant  future.  With  an  annual  cost  of  about  $9  000  000 
and  a  tonnage  of  36  000  000,  Mr.  Mayer  computes  an  interest  and  main- 
tenance charge  of  25  cents  per  ton.  With  the  tonnage  reasonably  to 
be  expected,  this  would  be  increased  to  90  cents,  gradually  diminish- 
ing to  perhaps  50  or  60  cents.  And  it  must  not  be  overlooked  that  if 
the  tonnage  approaches  anywhere  near  Mr.  Mayer's  36  000  000,  the 
alternative  suggested  by  him  of  additional  locks  and  facilities  must 
be  met,  which  will  largely  increase  the  interest  and  maintenance 
charges.  At  the  Sault  Ste.  Marie  there  are  now  three  locks:  The 
American  Weitzel  lock,  60  x  515  ft. ;  the  American  Poe  lock,  100  x  800 
ft.,  and  the  Canadian  lock,  60  x  900  ft.  The  tonnage  passing  through 
them  all  is  something  like  25  000  000  tons  per  annum.  The  American 
locks  are  now  at  times  taxed  to  their  full  cai^acity  to  take  care  of  the 
tonnage  demanding  passage,  and  it  is  one  of  the  strong  demands  of 
the  Lake-carrying  interests  that  a  new  lock,  larger  even  than  the  Poe 
lock,  be  built  to  accommodate  the  traffic.  It  is  understood  that  the 
Board  of  Engineers  on  Deep  Waterways  proposes  a  single  lock  on  the 
line  of  its  ship  canal  about  60  x  60l>  ft.,  about  half  the  size  of  the  Poe 
lock  at  the  Sault  Ste.  Marie,  and  only  large  enough  for  the  passage  of 
one  large  steamer  at  a  time. 

Experience  at  the  Sault  would  indicate  that  as  the  Lake  carrying 
business  is  distributed  throughout  the  year,  such  a  lock  cannot  be 
expected  to  handle  much  over  10  000  000  to  15  000  000  tons  annually. 

In  regard  to  the  number  of  trips  on  which  the  estimated  cost  of 
transportation  is  based,  the  writer  has  now  only  this  to  say: 

In  the  transaction  of  a  transportation  business  by  great  vessels  on 
such  a  ship  canal  as  advocated  by  Mr.  Mayer  and  Mr.  Wisner,  there 
is  a  vast  difference  between  a  reasonable  probability  and  a  theoretical 
possibility.  The  writer  conceives  that  his  estimate  of  10  trips  per  year 
between  Buffalo  and  New  York  is  the  first,  and  the  estimate  of  16  trips 
between  Chicago  or  Duluth  and  New  York  is  the  second. 
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IsHAM  Randolph,  Esq.*  (by  letter). — The  writer  lacks  the  data  Mr.  Randolph, 
upon  which  to  base  a  discussion  sustaining  his  preconceived  ideas  in 
favor  of  a  channel  deeper  than  21  ft.  This  question  passes  beyond  the 
problem  of  construction  and  cost  into  the  realm  of  political  economy, 
and  statesmen  must  decide  bow  much  the  Nation  should  expend  upon 
a  channel  designed  to  connect  the  mid-continent  with  the  World's 
ocean  highwavs  and  give  the  producers  and  consumers  of  the  Middle 
West  and  Northwest  access  to  the  World's  markets  upon  terms  nearly 
equal  with  those  of  the  Atlantic  States.  Of  one  thing,  however,  the 
writer  feels  sure,  that  any  plan  for  connecting  the  Great  Lakes  with 
the  Atlantic  Coast  should  be  executed  in  such  a  manner  as  to  admit  of 
progressive  development  to  meet  the  maximum  needs  of  a  deep  water- 
way. Locks  and  all  permanent  structures  should  be  constructed  for 
maximum  depths  even  though  the  intervening  channels  be  excavated 
at  the  outset  for  the  21-ft.  depth  advocated  by  Mr.  Wisner.  That  is  a 
concession  to  the  greater  project  which  seems  to  be  justified  by 
American  faith  in  America's  future. 

ARCHiBAiiD  A.   ScHENCK,  M.  Am.  Soc.  C.  E.  (by  letter). — This  valu-  Mr.  Schenck. 
able  i^aper  opens  up  two  important  inquiries : 

(1)  Are    Lake  vessels   for  commerce   on   rivers   and    canals   more 
profitable  ultimately  than  small  barges  and  canal  boats? 

(2)  Should  our  "  seaports  "  be  located  at  the  sea  or  in  the  interior? 
There  is  no  doubt  that  the  free  ocean  freights  can  be  handled  for 

less  than  h  mill  per  ton-mile  for  long  voyages.  On  the  "halfway 
free  "  Great  Lakes,  freight  can  be  handled  for  less  than  1  mill  per  ton- 
mile,  where  the  voyage  is  the  longest  j^ossible — Chicago  or  Duluth  to 
Buffalo.  This  voyage  may  include  travel  through  short  stretches  of 
canal  connecting  large  open  lakes.  Owing  to  the  lack  of  intermediate 
large  basins  (such  as  are  the  Lakes),  in  the  proposed  long  canal  and 
canalized  river  through  New  York  State,  no  freight  rate  can  be  posi- 
tively given.  No  actual  test  has  been  made  for  such  long  distances  of 
narrow  canal  crowded  with  deep-draft  vessels  so  thickly,  without 
relieving  basins.  A  comparison  by  highest  speeds  is  hardly  a  safe 
financial  operation.  A  railway  train  on  one  road  can  make  10  miles 
per  hour  on  long  stretches  of  track — on  another  road  it  will  make  40 
miles.  Therefore,  does  the  latter  road  carry  freight  for  one-fourth  the 
rate  of  the  other?  The  consumption  of  time  and  money  on  most  rail- 
ways is  not  in  transit,  but  while  waiting  to  get  into  transit.  On 
the  canal,  crowded  with  numerous  vessels,  the  passing  of  opposing 
and  overtaken  vessels  will  reduce  the  speed  to  one-half,  often  to  one- 
fourth,  occasionally  to  one-tenth  of  the  maximum  speed.  The  vessel 
must  run  *'  on  caution  card  "  most  of  the  time,  even  when  having  the 
right  of  canal;  all  this,  apart  from  the  mechanical  difiiculties  in  a 

*  Chief  Engmeer,  Sanitary  District  of  Cliicago. 
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Mr.  Schenck  cramped  waterway,  and  with  poor  steering  power,  which  are  well- 
known  causes  of  retarding.  The  premise  of  Mr.  Mayer — tested  speed 
over  measured  lengths — leaves  out  of  sight  all  the  difficulties  of  transit 
over  which  the  railway  man  grows  sad,  even  on  a  double-track 
railway,  and  which  will  exist  largely  on  a  canal.  Such  difficulties  and 
delays  on  a  long  and  narrow  canal  would  lessen  his  8-mile  speed  to  a 
small  fraction  of  it  as  average  speed;  will  multiply  by  several  times 
his  0.6  mill  per  ton-mile,  and  will  cut  into  several  small  pieces  his 
^1.50  i^er  ton  saving. 

With  these  allowances,  he  is  then  in  competition  on  I'iver  and 
canalized  river  with  the  immense  tows  of  small  boats,  and  on  the  ocean 
with  the  immense  ocean  carriers.  His  boat  has  neither  great  divisi- 
bility nor  great  mass. 

The  cheapness  of  these  great  tows  of  shallow  boats  is  seldom  noted 
by  those  who  urge  deep-water  canals.  On  the  Mississippi  about 
30  000  000  tons  have  been  carried  annually  at  a  rate  of  0.5  mill  to  2.0 
mills  per  ton-mile,  with  trifling  investment  in  vessels.  The  tonnage 
reaching  Hamburg  by  the  Elbe  is  on  water  from  2  to  6  ft.  in  depth. 
On  the  Rhine,  the  Elbe  and  the  Oder,  the  "  strings,"'  or  tows,  reach 
10  000  tons  each.  On  the  Hudson  they  run  from  10  000  to  15  000  tons, 
with  draft  of  6  ft.  The  towage  rate  is  about  ro  cent  per  ton-mile. 
This  low  rate  is  not  the  only,  or,  jierhaps,  greatest,  advantage  of  these 
tows.  Their  divisibility  enables  them  to  secure  return  cargoes,  or 
cargoes  of  various  sorts  for  many  uses  and  many  ports.  Their  light 
draft  enables  them  to  enter  a  vastly  greater  number  of  ports,  jjorts  for 
which  the  expense  of  construction  and  maintenance  is  trifling  com- 
pared with  deep-vessel  ports;  to  secure  an  immensely  greater  variety 
and  number  of  customers  and  shijopers;  to  gather  their  freight  nearer 
the  producing  point  and  deliver  it  nearer  the  consuming  point,  with 
little  intermediate  tribute  i>ai([  to  middlemen.  These  tows  more 
nearly  resemble  the  railway  trains,  in  their  divisibility  and  power  of 
reaching  close  to  consumer  and  producer,  than  any  other  form  of 
water  transportation  that  exists  or  can  exist.  It  is  doubtful  whether 
the  cheapening  on  canals  and  rivers  in  freight  of  moderately  deep- 
draft  Lake  vessels  would  equal  in  cash  value  the  gain  those  light- 
draft  vessels  have.  At  the  ocean  shipping  port  they  can  gather  about 
and  get  closely  "in  touch  "  with  large  or  small  vessels,  in  deep  or 
shallow  docks,  as  no  deep-draft  Lake  vessel  can.  They  are  the  con- 
venient, adjustable  unit,  perhaps  never  to  be  supplanted  in  inland 
narrow  navigation  for  freights. 

Again,  the  Lake  vessel  is  also  at  a  loss  in  competing  against  ocean 
carriers.  It  is  dwarfed,  stunted  by  its  inland  channel  and  ports  and  its 
effort,  so  to  speak,  to  run  on  both  sea  and  land.  The  tendency  of 
ocean  carriers  to  greater  tonnage  and  draft  can  readily  be  noted  by 
examining  a  few  well-known  traus-atlantic  steamers. 
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TABLE  No.    1.  Mr.  Schenck. 


Steamer. 

Length,  feet. 

Beam,  feet. 

Draft 
loaded,  feet. 

Tons. 

Umbrici 

502 
582 
583 
580 
580 
648 
704 
750 

57 
.57 
57 
63 
63 

28 
29 
29 
27 

27 

8  128  Gross. 

Teutonic 

9  685      " 

Majestic 

9  861      '• 

City  of  Paris 

10  500      " 

at II  of  New  York 

10  500      " 

Kaiser  W'ilhelm 

08 

17  040  Gross. 

New  Liner,  Harland- Wolff. 

12  000  Net 

The  function  of  each  class  of  vessel  is  essentially  different.  The 
proper  style  of  inland  vessel,  small,  penetrating  everywhere;  the  ocean 
carrier,  as  large  as  the  greatest  ports  will  i^ermit.  The  24-ft.  seaport 
entrance  of  former  days,  the  30-ft.  entrance  depth  of  to-day,  are 
already  outgrown;  a  40-ft.  entrance  is  now  demanded.  The  increased 
tonnage  is  mostly  clear  profit,  and  the  Lake  vessel  can  never  get  that 
profit.  It  must  go  down  before  such  ocean  competition.  It  is  neither 
one  thing  nor  the  other,  neither  truly  inland  nor  truly  oceanic.  Our 
inland  lakes,  too  large  and  dangerous  for  river  vessels,  too  small  and 
with  ports  too  shallow  for  ocean  vessels,  are  an  inconvenient  inter- 
mediate. A  canal  to  connect  two  bodies  of  water  having  similar  ves- 
sels is  reasonable.  A  canal  to  connect  two  bodies  of  water  much  dif- 
ferent, not  adapted  to  the  same  class  of  vessel,  is  not  desirable,  or 
likely  to  be  profitable.  It  is  partially  like  trying  to  connect  a  narrow- 
gauge  road  and  a  broad-gauge  road  for  running  through  trains.  Lake 
vessels  will  not  fit  an  ocean — ocean  vessels  proper  cannot  get  upon  the 
Lakes  or  use  Lake  ports.  The  effort  to  extend  these  Lakes  seaward,  as 
if  they  were  deejj-draft  ocean  waters  seeking  similar  waters,  is  likely 
to  be  costly  and  unprofitable.  Hence,  "let  the  Government  attempt 
it,  it  can  afford  to  lose." 

The  pressure  for  this  waterway  aj^pears  to  come  from  four  direc- 
tions: 

(1)  The  great  steel-producing  j^lants,  the  Caruegies,  Rockefellers, 
etc. :  They  can  exterminate  the  middlemen,  be  producers  and  reach  to 
the  foreign  consumer.  Their  gain  comes,  not  so  much  in  decreased 
transportation  cost,  as  in  annihilated  middlemen.  Only  immensely 
wealthy  concerns  can  thus  act  as  producer,  carrier  and  foreign  mer- 
chant. The  usual  blocks  of  distance,  into  which  commerce  divides 
itself,  must  be  made  in  all  but  such  cases,  and  take  place  where  Imlk 
can  most  advantageously  be  broken — at  the  coast. 

(2)  From  small  shippers,  to  reach  inland  consumers :  For  these,  the 
majority  of  the  boats  on  canal  and  river  should  be  small,  receiving 
from  the  Lake  boats  as  now,  and  delivering  to  them.     The  remedy  of 
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Ml-.  Schenck.  present  cost  lies  in  lessening  transfer  costs  rather  than  in  deepening 
waterways. 

(3)  The  great  mid-continental  railways  that  reach  from  Pacific  tide 
water  to  the  Lakes:  These  are  anxious  to  make  seaports  of  their  Lake 
terminals,  and  be  independent  of  railways  further  east.  Each  wishes 
to  unite  Europe  and  Asia  by  a  single  line — its  own. 

(4)  The  numerous  Lake  cities,  each  eager  to  become  a  Greater 
New  York: 

.  All  these  efforts  to  transfer  seaports  to  the  heart  of  the  continent 
are  unnatural.  Millions  and  hundreds  of  millions  of  dollars  have  been 
wasted,  in  recent  years,  in  attempts  to  draw  ocean  commerce  far  in- 
land. A  few  more  hundreds  of  millions  are  now  to  be  added,  per- 
haps. The  civil  engineer,  manager  of  transi^ortation  and  capitalist,  can 
find  no  larger  or  more  important  problem.  It  is  worth  the  most  jjains- 
taking  study,  with  millions  in  it,  or  to  be  lost  by  it.  It  cannot  be 
taken  up  as  light  reading  or  for  temporary  amusement.  A  correct, 
generally  accepted  decision  as  to  whether  our  ocean  ports  should  be  far 
inland  or  far  oceanward,  would  tend  to  save  and  make  more  millions 
than  any  other  question  the  civil  engineer  encounters.  This  canal 
project  is  only  one  more  struggle  in  the  expensive  contest  of  ports. 

One  of  the  causes  of  this  contest  has  been  that  mere  shipping  jjorts 
and  great  marts  of  trade  have  been  supposed  to  be  one  and  the  same 
thing.  All  that  each  town  has  aimed  for  has  been  to  be  a  shipping 
port,  a  mere  transfer  table  (with  very  little  profit  dropped  in  the 
transfer,  it  is  found).  All  that  railways  have  sought  to  reach  has 
been  a  shij^piug  point  at  which  to  dump  their  freight  as  near  at  hand 
and  with  as  short  a  road  as  possible.  The  effort  to  ascertain  the  nat- 
ural mart  of  trade  and  interchange,  and  to  reach  it  has  seldom  been 
made. 

The  two  alternates  of  location  have  been  at  the  "head  of  naviga- 
tion" and  at  the  coast.  Navigation  is  generally  hydra-headed,  and 
"  the  "  head  of  navigation  varies  and  dwindles  in  size  and  importance 
with  draft  of  vessel  until  it  becomes  microscopic  and  unascertainable. 
An  "immutable  law  "is  claimed  to  put  the  great  shipping  port  and 
mart  of  trade  at  this  "  head  of  navigation."  The  real  test  of  commer- 
cial supremacy,  such  as  the  Lake  ports  are  seeking  by  this  canal,  lies 
at  the  foot  of  inland  navigation,  always  a  distinct  thing.  This  is  the 
outermost  point  where  inland  vessels  and  great  tows  can  safely  go  and 
transfer  into  the  great  ocean  carriers.  It  is  where  the  two  can  unite 
without  sacrifice  to  either  in  respect  to  deep  draft  for  ocean  or  light 
draft  for  small  waterways. 

At  such  a  point  the  ocean  vessel,  the  river  vessel,  the  railway,  can 
all  get  together.  It  is  the  only  real  radial  point  on  the  earth's  surface. 
Land,  ocean,  coast,  all  productive  areas,  are  naturally  tributary  and 
accessible  to  it.     If  the  ocean  carrier  comes  hundreds  of  miles  inland, 
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it  passes  rich  areas,  full  of  business.     If  it  brings  freight  for  this  coast  Mr.  Schenck. 
area,  that  freight  must  have  a  double  needless  journey  after  delivery 
inland.      The  coasting   vessels   must   come   far   inland   to   exchange 
freights  with  the  ocean  carrier.     The  railways  must  carry  back  nearer 
to  the  coast  what  has  already  jiassed  the  coast  inbound. 

In  support  of  the  seaport  far  inland,  and  expensive  projects  for 
bringing  vessels  to  it,  existing  ports  are  quoted.  They  are  the  main 
apparent  argument.  It  is  said  that  vessels  must  penetrate  to- the  con- 
sumer, and  the  mart  of  trade  be  there.  The  consumers  passed  and 
ignored  on  the  inland  joiirney  are  not  counted  as  of  importance.  A 
few  figures  in  Table  No.  2  will  indicate  what  rich  productive  areas 
would  be  run  through  if  a  vessel  could  and  did  come  far  inland  past 
the  territory  of  each  road  named. 

TABLE  No.  2. 


Road. 

Througli  tonnage. 

Local  tonnage. 

2  023  133 

2  189  804 
738  914 

14  598  064 

Pennsylvania 

35  809  588 

Southern  Pacific,  Pacific  System 

4  949  142 

Such  are  some  of  the  rich  tonnage-producing  territories  which  the 
new  Lake  vessels  would  ignore  and  run  past,  in  order  to  reach  the 
inland  port  and  get  "nearer  the  producer  and  consumer."  The  vastly 
greater  number  of  buyers,  greater  number  of  profitable  whole-cargo 
lots,  greater  radial  possibilities  of  distribution  to  all  the  country,  are 
ignored  by  the  vessel  whose  only  aim  is  to  go  burrowing  far  into  the 
land,  in  place  of  sending  its  load,  promptly  on  reaching  land,  to  every 
possible  direction. 

The  actual  ports  cited  as  favoring  the  vessel's  search  inland,  are 
numerous.  None  of  them  is  really  far  inland,  many  wish  they  were 
less  so.  Some  of  the  "  inland  ports,"  as  contrasted  with  the  ocean  or 
coast  ports,  are  the  following: 

"Inland  ports" — Hamburg,  Bremen,  London,  Glasgow,  Gloucester, 
Montreal,  Philadeli^hia,  Baltimore  and  New  Orleans. 

Some  of  the  coast  ports  are  Liverpool,  Southampton,  Boston,  New 
York  and  San  Francisco. 

These  inland  ports  were  located  before  railways  reached  readily 
to  the  coast.  They  attained  importance  when  slow  water  transporta- 
tion was  the  only  form  of  transportation.  They  were  in  areas  which 
had  developed  close  to  the  rivers  (then  the  only  transportation  routes) 
as  towns  now  sj^ring  up  along  railways.  The  draft  of  vessels  was 
small.  Time  was  not  an  object  in  travel,  in  making  sales,  in  turning 
over  capital.    In  the  present  days  time  governs  in  all  these,  as  essen- 
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Mr.  Schenck.  tial;  sjjeed  in  transactions  multiplies  capital.  Quick  fluctuations 
compel  quick  deliveries  by  ocean  carriers.  Protection  is  afforded  to 
commercial  cities  at  the  coast.  Fresh  water  does  not  have  to  be  sought 
far  inland. 

Hamburg  was  founded  in  808  A.  D. ,  became  a  free  city,  and  secured 
valuable'  commercial  privileges  which  more  than  compensated  vessels 
for  going  a  short  distance  inland.  It  is  in  a  fine  radial  location  of 
water  transj^ortation,  having  tributary  to  it  2  000  km.  of  waterways. 
It  has  expended  immense  sums  for  facilities,  having  300  acres  of  basins, 
many  miles  of  wharves,  30  000  sq.  ft.  of  storage.  Its  facilities  are 
worth  $50  000  000  per  annum  to  commerce.  Railway  transportation 
came  too  late  to  change  its  location. 

Bremen  is  not  a  port,  having  only  8  ft.  of  water. 

London  was  located  under  early  conditions.  Although  it  often  in 
early  days  congratulated  itself  on  being  inland  a  short  distance,  be- 
cause of  protection  from  hostile  fleets,  it  has  regretted  it  for  commer- 
cial reasons,  and  made  every  effort  to  overcome  its  disadvantages. 
Since  the  increase  of  railway  facilities,  its  annual  tonnage  has  become 
about  17  000  000,  against  20  000  000  for  Liverpool  and  much  for 
Southampton. 

Glasgow  is  in  a  great  coal  and  iron  producing  country.  It  is  not  a 
commercial  but  a  manufacturing  city,  and  attained  a  population  of 
300  000  before  railways  came. 

The  American  ports  named  as  inland  were  also  located  and  grew  to 
large  size,  as  a  result  of  water  facilities,  before  railways  came.  New 
York,  a  coast  port,  once  much  smaller  than  Philadelphia,  is  now  many 
times  larger.  Boston's  foreign  commerce  exceeds  Philadelphia's  many 
times.  The  inland  port  of  Albany  and  the  inland  ocean  waterway, 
the  Hudson  River,  were  deserted  by  ocean  vessels  through  railway 
competition  which  placed  the  freight  down  at  the  ocean  for  the  ocean 
carriers,  and  through  competition  of  the  great  tows  on  the  Hudson. 
No  better  practical  illustration  of  how  needless  is  an  inland  waterway 
for  ocean  vessels  can  be  found  than  this  same  Hudson  River,  on  which 
this  inland  attempt  is  desired  to  be  renewed. 

Philadelphia  made  every  possible  effort  to  draw  ocean  vessels  gen- 
erally to  her  wharves.  The  immense  capital  and  tonnage  of  the  Penn- 
sylvania Railroad  were  backing  the  attempt.  Great  elevators  were 
erected.  The  river  was  deepened  and  range-lighted  by  Government. 
The  ocean  business  failed  to  come,  except  in  years  when  coast  ports- 
and  steamers  of  all  drafts  were  overtaxed.  Much  of  the  elevator 
machinery  went  to  the  jitnk  shop.  President  Roberts  read  the  burial 
service  as  follows  before  the  directors: 

"  Some  years  ago  you  established  a  steamship  company,  the  Amer- 
ican Steamship  Company,  fostered  by  jonv  corijoration,  in  which  you 
took  four-sevenths  of  the  original  stock,   afterward  increasing  that 
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from  time  to  time  until  you  had  nearly  $1 200  000  invested  in  the  cajiital  Mr.  Schenck. 
stock  of  that  steamship  company. 

"That  ^1  200  000  has  been  to'tally  sunk.  In  addition  to  that,  this 
company  has  faithfully  i)aid  the  obligations,  all  these  years,  at  the 
date  of  their  maturity,  so  that  they  have  paid  in  the  neighborhood  of 
^2  500  000,  more  as  a  contribution  on  the  jjart  of  your  corporation  to 
endeavor  to  build  up  the  commerce  of  this  port;  not  an  illiberal  con- 
tribution, and  one  which  has  given  the  managers  of  your  corporation 
some  anxiety  as  to  whether  it  was  right  or  jaroper;  but  right  or  not,  it 
is  all  gone." 

Similar  bad  results  are  becoming  observable  at  Montreal,  New 
Orleans  and  Portland,  Ore.,  while  Boston,  New  York  and  San  Fran- 
cisco, well  to  seaward,  are  wearing  no  funeral  colors,  and  plucky 
Galveston,  seaward  and  even  in  the  sea,  is  reviving,  and  shipping  its 
greatest  cargoes  to-day.  There  may  be  another  Philadelphia  exper- 
ience on  a  scale  of  hundreds  of  millions  instead  of  millions.  This  time 
a  rich  nation,  instead  of  a  rich  corporation,  will  be  asked  to  take  the 
risk  and  bear  the  loss. 
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ECCENTRIC  LOADS. 

Discussion.'* 


By  Joseph  Mayeb,  M.  Am.  Soc.  C.  E. 


Mr.  Mayer.  JosEPH  Mayee,  M.  Am.  Soc.  C.  E.  (by  letter).— This  paper  contains 
a  valuable  collection  of  tests  of  columns,  and  is  an  interesting  eftbrt 
to  derive,  by  means  of  mathematical  reasoning,  formulas  giving  the 
fiber  stresses  in  actual  columns. 

The  author  appreciates  the  necessity  of  introducing  empirical 
coefficients  in  his  formulas,  for  the  purpose  of  allowing  for  eccentricity 
of  loading,  initial  curvature,  etc.,  to  make  them  agree  with  the  tests. 
One  of  the  pui"i30ses  of  the  paper  is  to  find  formulas  or  curves  for  the 
ultimate  strengths  of  columns.  The  curves  obtained  deviate  very  far 
from  the  ultimate  strengths  of  short  columns  shown  by  the  tests. 
The  engineer  cares  most  for  the  strength  of  columns  of  a  length  of 
less  than  150  radii  of  gyration,  and  the  curves  of  ultimate  strength 
ought  to  be  approximately  correct  for  these  columns.  For  all  kinds  of 
steel,  wrought-iron  and  wooden  columns  it  is  i>ossible  to  find  straight 
lines  which  agree  better  with  the  actual  ultimate  strength  shown  by 
the  tests  of  columns  of  less  than  150  radii  of  gyration  than  the 
author's  comjilicated  curves.  These  straight  lines  are  more  convenient 
for  use  and  more  easily  remembered. 

The  engineer  desires  to  use  dead  loads  per  square  inch  equal  to 
half  of  those  producing  stresses  equal  to  the  elastic  limit.     For  very 

*  Continued  from  August,  1900,  Proceedings.  See  March,  1900,  Proceedings  for  paper 
on  this  subject  by  J.  M.  Moncrieff,  M.  Am.  Soc.  C.  E. 
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short  steel  or  wrouglit-irou  columns  tlie  elastic  limit  is  about  0. 6  of  Mr.  Mayer, 
tb.o  ultimate  streugth.  Tbe  proper  dead  load  is,  therefore,  0.3  of  the 
Tiltimate  strength,  and  the  ultimate  strength  is  about  equal  for  tension 
and  compression.  For  longer  columns,  the  elastic  limit  and  ultimate 
strength  are  nearly  identical.  A  curve  which  starts  with  0.3  of  the 
ultimate  strength  for  columns  of  no  length  and  approaches  half  the 
ultimate  strength  of  long  columns  answers  the  purposes  of  the  engineer. 

A  sti'aight  line  of  the  equation  w  =  a  —  b  — — ,  where  a  =0.3  of  the 

ultimate  strength  of  the  steel  or  wrought  iron  of  which  the  column  is 

made,  b  =  —-,  will  give  the  proper  unit  strain  u  for  the  dead  load  of 

columns  of  less  than  150  radii  of  gyration,  with  as  much  accuracy  as  the 
uncertainty  of  the  case  allows.  More  complicated  formulas  would 
only  be  justified  if  they  agreed  more  closely  with  the  tests  than  do 
these  simple  formulas,  which  is  not  the  case  for  columns  of  moderate 
length  which  are  alone  used  in  practice. 

The   formulas   become,    therefore,   for  iron  14  000  —  56  —  ;  for 

I  '' 

medium  steel  18  000  —  72  — 

r 

The  usual  straight-line  formulas  for  timber  are  as  accurate  as  the 
aiithor's  formulas.  While  the  writer,  therefore,  cannot  agree  with  the 
author  in  his  conclusions,  he  highly  appreciates  the  services  rendered 
by  the  latter  in  collecting  the  tests  and  presenting  his  views  in  siich  a 
lucid  and  simple  manner. 
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THE  THEORY  AND  PRACTICE  OF  PRECISE  SPIRIT 

LEVELING. 

Discussion.* 


By  Messrs.  Eudolph  Heking,  H.  M.  MAKSHAiiL,  Alexander  E.  Kastl, 
H.  M.  Wilson,  E.  G.  Fischek  and  J.  H.  Hayfoed. 


Mr.  Hering.  EuDOLPH  Heeing,  M.  Am.  Soc.  C.  E. — It  might  be  said,  in  connec- 
tion with  Mr.  Wilson's  discussion,  that  the  European  practice,  which 
has  very  thoroughly  covered  this  field  of  precise  leveling,  is  inclined 
toward  obtaining  the  greatest  attainable  precision  and  accuracy,  but 
within  practicable  limits;  which  seems  to  correspond  with  Mr.  Moli- 
tor's  views.  In  imjiortant  cases,  it  is  certainly  better  to  avoid  errors  in 
leveling  as  you  go  along,  rather  than  to  rely  simply  on  the  indications 
of  your  closure  results,  which  may  be  due  more  or  less  to  accident, 
from  the  possible  fact  that  the  closure  error  may  be  smaller  than  some 
intermediate  errors.  The  speaker  believes  it  to  be  proper,  and  in  the 
line  of  i^rogress,  always  to  secure  the  greatest  practicable  precision 
warranted  by  the  specific  case. 
Mr.  Marshall.  HoEACE  M.  Maeshall,  M.  Am.  Soc.  C.  E.  (by  letter).— The  treat- 
ment of  the  subject  in  this  paper  is  exhaustive,  but  would  lead  one  to 
believe  that  the  work  is  very  difficult;  in  fact,  it  is  stated  distinctly 
that  "very  few  men  have  made  a  success  of  precise  leveling."  In  the 
first  ijlace,  that  statement  applies  probably  only  to  this  country,  where 

*  This  discussion  (of  the  paper  by  David  A.  Molitor,  M.  Am.  Soc.  C.  E.,  printed  in 
Proceedings  for  September)  is  printed  in  Proceedings  in  order  that  the  views  expressed 
maybe  brought  before  all  members  of  the  Society  for  further  discussion. 

Communications  on  this  subject  received  prior  to  December  2Sth,  1900.  will  be 
printed  in  a  later  number  of  Proceedings,  and  subsequently  the  whole  discussion  will  be 
published  in  Transactions. 
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tlie  method  is  of  recent  application,  and  in  the  next,  only  a  few  men  in  Mr.  Mar.shali. 
this  country  have  tried  it. 

Under  the  United  States  Engineer  Office  at  Vicksburg,  Miss.,  no 
less  than  nine  men  have  been  engaged,  from  time  to  time,  on  precise 
level  work,  and  there  has  been  but  one  instance  of  failure.  That  was 
due  to  the  man  getting  "  rattled  "  by  becoming  imbued  with  the  idea 
that  the  work  was  especially  "  scientific."  It  is  exactly  this  feature 
which  lieeds  to  be  combated  in  order  that  the  method  may  become 
more  generally  adopted  on  private  and  corporate  work. 

When  any  one  talks  about  running  levels  to  hundredths  of  a  milli- 
meter with  a  self-reading  rod,  they  excite  derision,  though  they  may 
be  happy  in  the  knowledge  that  no  one  can  prove  the  results  incor- 
rect. It  smacks  too  much  of  theory  and  too  little  of  experience.  There 
is  absolutely  nothing  in  precise  leveling  save  an  accurate  instrument 
(with  a  sensitive  bubble)  and  a  thorough  programme  for  making  the 
readings,  to  get  good  results.  By  thorough  programme  is  meant  one 
which  will  balance  or  detect  errors;  and  it  is  not  necessary  to  balance 
out  the  same  errors  twice.  Equal  sights  balance  instrumental  constants ; 
eccentricities  cannot  be  balanced.  To  repeat  the  sight  with  instru- 
ment inverted  and  reversed  is  simply  to  balance  out  the  constants 
twice,  so  far  as  the  instrument  is  concerned,  and  to  delay  the  progress. 

The  record  given  in  Table  No.  21  shows  that  the  progress,  where 
the  double  readings  were  presumably  taken  by  the  aiithor,  was  about 
25  miles  per  month.  The  last  Line  run  under  the  Vicksburg  Engineer 
Office  was  at  the  rate  of  59.3  miles  per  month  in  the  field,  for  a  distance 
of  222  miles.  The  best  day's  run  was  almost  exactly  10  miles  of  single 
line,  and  the  line  checked  within  the  limit 

5  mm.  y'  distance  in  kilometers, 
the  distance  being  counted  only  in  one  direction.     This  limit  does  not 
very  greatly  exceed  the  3  mm.  V  2  distance  in  kilometers  mentioned 
in   the   paper.     A  recomputation   of  the  notes  in   the  office  usually 
changes  the  final  result  less  than  1  mm. 

For  practical  purposes,  the  source  of  error  matters  little  so  long  as 
the  programme  remains  unchanged  by  later  discoveries.  Whether  it 
be  the  settling  of  the  instrument  or  the  change  due  to  alteration  of  the 
temperature  cannot  be  detected  by  any  peculiarity  in  the  movement 
of  the  bubble,  nor  is  there  any  good  to  come  from  defining  refraction 
differently  from  the  meaning  accepted  in  physics. 

The  condition  of  the  atmosphere  being  unstable,  of  course,  change 
in  refraction  is  continually  going  on,  and,  by  the  way,  this  change, 
which  is  most  detrimental  to  good  work,  is  usually  most  rapid  near 
sunrise  and  sunset,  the  very  time  the  author  selects  for  best  results. 

With  a  stable  condition  of  the  atmosphere  the  absolute  temperature 
makes  no  difference,  except  that  cold  weather  is  not  conducive  to 
comfort,  and  it  is  a  fact  that  some  of  the  best  work  done  under  the 
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Mr.  Marshall.  United  States  Engineer  Office  at  Vicksburg,  Miss.,  was  done  during 
tlie  summer  time.  An  attempt  was  made  to  run  at  night,  but  proved 
unsuccessful  because  of  the  difficulty  of  properly  illuminating  the 
rods  and  instruments.  Almost  any  nightwork  is  distasteful  to  the 
men,  and  is  seldom  as  rapid  as  day  work. 

The  programme  proposed  by  the  author  varies  very  little  from  ac- 
cepted in-actice,  and  the  reversal  of  the  telescope  and  bubbles  is  hardly 
worth  while.  In  fact,  any  increase  in  the  time  required  to  complete  a 
set  of  observations  permits  an  increase  in  error  due  to  change  in 
atmospheric  conditions,  and  adds  weakness,  unless  the  gain  in  some 
other  feature  more  than  counterbalances.  Of  course,  it  is  equivalent 
to  repeating  the  observation,  but  it  delays  the  work  and  is  likely  to 
trip  the  recorder.  To  move  the  instrument  before  the  notes  of  observa- 
tion have  been  checked  is  distinctly  a  bad  feature. 

The  refinement  of  subdividing  the  rod  is  probably  most  generally 
detrimental,  for  it  increases  the  blurring  effect  of  any  boiling  of  the 
air.  Possibly  these  fine  divisions  on  the  rod  forced  the  choice  for  best 
running  to  the  time  of  day  when  the  air  is  steady,  even  if  refraction  is 
changing  most  rajjidly. 

To  prescribe  a  particular  direction  for  running,  according  to  the 
time  of  day,  having  reference  to  the  light,  pre-supposes  a  constant 
direction  of  the  line,  when  in  fact  the  line  is  seldom  straight.  The 
convention  in  regard  to  signs  for  difterence  of  elevation  by  lines  in 
opposite  directions  seems  hardly  well  taken.  If  it  is  up  in  one  direc- 
tion, it  is  down  in  the  other,  and  the  signs  should  show  actualities. 

Table  No.  21  jjurports  to  show  the  accuracy  of  the  "Principal 
Precise  Level  Work  in  the  United  States,"  and  gives  results  on  2  048 
km.  by  the  Coast  Survey  and  2  849  km.  by  various  United  States 
Engineer  Offices,  but  it  seems  a  little  curious  that  it  leaves  out  that 
office  which  has  done  more  precise  level  work  than  any  other  and  about 
seven-ninths  as  much  as  all  other  engineer  offices  combined. 

The  same  thing  has  occurred  before,  when  an  assistant  engineer 
published  a  list  in  the  annual  report  of  the  Chief  of  Engineers  of  the 
United  States  Army.  The  Engineer  Officer  in  Charge  made  the  amende 
honorable,  however,  when  his  attention  was  called  to  it. 

Perhaps  the  Vicksburg  office,  formerly  under  Major  J.  H.  Willard, 
and  now  under  Major  Thomas  L.  Casey,  does  not  do  "principal" 
precise  level  work,  but  it  is,  nevertheless,  the  only  Engineer  District 
which  is  fully  covered  by  a  system  where  all  the  polygons  are  closed. 
There  are  seven  i^olygons,  the  perimeters  of  which  vary  from  20  to  294 
km.,  with  errors  of  closure  from  0.7  to  101.6  mm.  Taking  into  account 
the  closures  on  lines  run  by  the  United  States  Coast  Survey,  there  are 
six  other  polygons  with  errors  from  4.1  to  146.8  mm. 

The  size  of  the  polygons,  the  actual  eiTor  of  closure  and  the  error 
in  the  closure,  in  millimeters  per  kilometer,  are  shown  in  Table  No.  26. 
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TABLE  No.  26. 
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Mr.  Marshal!. 


Polygons. 
Nos. 

Perimeters, 
in  kilometers, 

Closure  error, 
in  millimeters. 

Error,  in  millimeters 
per  kilometer. 

Remarks. 

1 

20 
32 
165 
259 
538 
629 
694 
69 
303 
343 
471 
536 
680 

+    0.7 

—  1.5 

—  14.8 

—  27.7 

—  46.0 
+101.6 
--  98.9 
-1-    4.1 

—  93.5 

—  26.6 
+146.8 
+  45.2 

—  84.1 

0.085 
0.047 
0.U79 
0.108 
0.089 
0.161 
0.142 
0.060 
0.308 
0.077 
0.311 
0.084 
0.124 

3 

3 

4 

5 

6 

7 

8 

Closed  on  Coast  Survey. 

9 

10 

11 

12 

13 

It  will  be  noticed  that  the  greatest  actual  error  of  closure  per 
kilometer  is  less  than  the  least  probable  error  per  kilometer  in  the 
■work  cited  in  Table  No.  21. 

Of  the  allowable  error,  or  the  limit  of  error  jjermitted,  a  good  deal 
might  be  said,  but  it  is,  after  all,  simply  an  approximate  test  of  the 
accuracy  of  the  work,  and  only  serves  as  a  warning  to  show  that  the 
conditions  will  not  permit  good  results  under  the  usual  programme 
when  it  is  exceeded.  The  projDer  form  would  be  an  eqviation  of  the 
second  degree,  having  the  distance  in  one  term  to  the  first  power  and 
in  another  term  to  the  second  jjower.  Probably  the  present  form  was 
worked  out  empirically  from  practice  where  the  use  of  the  level  has  got 
beyond  the  experimental  stage. 

The  probable  value  of  two  results  is  the  mean,  and  the  error  prob- 
ably does  not  exceed  half  the  difference  between  the  two  results;  that 
is,  if  the  difference  is  about  the  usual  size  for  that  character  of  work. 
To  compute  the  probable  error  by  least  squares  from  two  observations 
is  foolishness;  and  as  the  observations  on  different  lines,  and  even  on 
the  same  line,  are  not  made  under  similar  conditions,  /.  e.,  they  can- 
not be  considered  as  rej^etitions  of  the  same  observation,  the  probable 
error  by  least  squares  cannot  properly  be  used  even  for  comparison. 

As  said,  the  paper  goes  to  the  full  limit  in  the  matter  of  precise 
levels,  but  it  is  to  be  hoped  that  members  of  the  Society  will  under- 
stand that  the  work  is  easy  in  practice.  Almost  perfect  lines  of  levels 
can  be  run  nearly  as  cheaply  as  ordinary  levels  are  now  run,  and,  if  the 
mistake  of  cutting  down  the  limit  too  small  be  not  made,  the  work  can 
be  done  more  raijidly.  All  lines  of  levels  on  jjermanent  works  would 
be  better  if  run  by  the  precise  level;  lines  on  all  water  courses  should 
certainly  be. 

The  American  instrument-makers  turn  out  a  more  finished  instru- 
ment than  foreign  makers  usually  do,  but  the  Kern  level  is  of  a  good, 
substantial  make,  which  has  stood  the  test  of  time  for  wear  and  good 
work. 
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Mr.  Kastl.  ALEXANDER  E.  Kastl,  M.  Am.  Soc.  G.  E.  (by  letter). — The  writer, 
having  been  engaged  on  precise  spirit  leveling,  under  the  Corps  of 
Engineers,  U.  S.  Army,  both  as  recorder  and  observer,  has  read  with 
much  interest  this  valuable  paj^er. 

Beferring  to  Table  No.  21,  page  888,  the  writer  wishes  to  call  atten- 
tion to  a  line  of  precise  levels,  not  given  in  the  table,  run  in  connection 
with  the  Red  River  Survey,  in  1889,  1891  and  1892.*  The  line  runs 
from  Delta,  La.  (opposite  Vicksburg,  Miss. )  on  the  Mississippi  River, 
to  Shreveport,  La.,  on  the  Red  River;  thence  along  the  Red,  Atcha- 
falaya  and  Mississippi  rivers  to  Smithlaud,  La.,  on  the  Mississippi 
River.  The  length  of  this  line  is  664  km.,  or  406  miles.  In  1880  and 
1881,  the  U.  S.  Coast  and  Geodetic  Survey  had  run  a  line  of  precise 
levels  along  the  Mississippi  River  from  Greenville,  Miss.,  to  New 
Orleans,  La.,  which  includes  the  Mississippi  River  from  Delta,  La., 
to  Smithland,  La.  The  length  of  the  Mississippi  River  line  from 
Delta  to  Smithland  is  248.4  km.,  or  154  miles.  The  Red  River  Survey 
levels  started  from  the  U.  S.  Coast  and  Geodetic  Survey  Bench- 
mark No.  215  at  Delta,  with  its  elevation  of  134.084  m.  above  Cairo 
Datum,  and  closed  on  the  U.  S.  Coast  and  Geodetic  Survey  Bench- 
mark No.  XLV  at  Smithland,  with  an  elevation  of  21.005  m.  above 
Caro  Datum.  The  elevation  of  Bench-mark  No.  XLY,  by  the  U.  S. 
Coast  and  Geodetic  Survey  is  f 20. 983  m. ;  that  is,  the  error  of 
closure  of  the  entire  polygon  or  loop,  Smithland,  Delta,  Shreve- 
port and  back  to  Smithland,  is  0.022  m. ,  being  22  mm.,  or  less  than 
^  in.     The  total  length  of  the  polygon  is  902.4  km.,  or  560  miles. 

The    writer   does   not   know   the   probable    error    per    kilometer 


(-■js) 


for  the  entire  line  as  on  the  Red  River  Survey  it  was  not  deemed  of 
sufficient  importance  to  take  the  time  to  make  the  computations. 
The  writer  ran  the  last  stretch  of  the  Red  River  precise  levels  from 
Grand  Bend,  La.,  on  the  Red  River,  to  Smithland,  La.,  on  the  Missis- 
sipiji  River,  a  distance  of  126.2  km.,  or  79  miles.  For  his  own  informa- 
tion he  computed  the  values  of  rand  r°  for  his  line  of  levels  and  found 
the  probable  error  for  the  126.2  km.  to  be  ±  12.3  mm.,  or  rt  1.1  mm. 
per  kilometer.  The  writer's  method  of  comi:)uting  the  probable  error 
was  the  same  as  that  given  by  the  author  on  page  891. 

In  running  the  Red  River  precise  levels  care  was  taken  to  keep  the 
instrument  closely  adjusted  and  to  keep  the  back  sights  and  fore 
sights  eqiial.  The  instrument  was  shaded  with  an  umbrella,  and  no 
work  was  done  from  about  11  a.  m.  to  2  p.  m.,  unless  the  day  was 

*  Annual  Report  of  the  Chief  of  Engineers,  U.  S.  Army,  Report  of  Captain  J.  H.  Will 
ard,  Corps  of  Engineers,  for  189;),  page  1944  et  seq. 

t  Report  of  the  Mississippi  River  Commission  for  1884;  or.  Annual  Report  of  the 
Chief  of  Engineers  for  1885,  pages  3676  and  3678. 
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oloinly.  The  length  of  sights  was  usually  not  over  100  m.,  except  at  Mr.  Kastl. 
river  crossings,  where  the  method  of  reciprocal  levelings  was  used. 
The  rod  readings  were  taken  with  the  level  bubble  in  the  center,  tele- 
scope normal  and  level  direct.  Each  stretch  of  levels  was  run  in 
duplicate  in  opposite  directions  by  the  same  observer,  and  during  the 
same  forenoon  or  afternoon.  The  level  and  collimation  errors,  although 
small,  were  observed  and  recorded  at  least  at  the  beginning  and  close 
of  each  day's  work  and  sometimes  of  each  half-day's  work.  The  cor- 
rection for  inequality  of  the  pivots  and  the  value  of  one  division  of 
the  level  for  a  distance  of  1  m.  were  determined  at  the  beginning  and 
olose  of  the  season's  work.  However,  as  the  instrument  was  kept 
closely  adjusted,  and  the  back  and  fore  sights  kept  equal,  the  correc- 
tions for  the  inequality  of  the  pivots  and  the  level  and  collimation 
errors  were  rarely  used.  Is  is  a  good  plan  to  keep  a  record  of  the 
adjustments.  The  allowable  limit  of  error  for  each  stretch  was  5  mm. 
-[/  distance  in  kilometers,  the  distance  being  the  length  of  the  stretch 
from  one  bench-mark  to  the  next,  and  not  the  length  of  the  loop 
leveled  forward  and  back.  The  instrixments  used  were  precise  levels 
and  rods,  manufactured  by  Kern  of  Aarau,  Switzerland,  and  had  been 
Tised  on  the  U.  S.  Lake  Survey  and  on  the  Mississippi  Eiver  Survey. 

It  would  be  very  interesting  if  the  author  would  give  comparisons 
l)etween  the  lines  of  jDrecise  levels  along  the  St.  Clair  and  Detroit 
Rivers  as  run  under  the  U.  S.  Lake  Survey  *  in  1877,  and  as  run  under 
the  U.  S.  Board  of  Engineers  on  Deep  Waterways  in  1898  and  1899. 
The  U.  S.  Lake  Survey  precise  levels  were  about  the  first  of  the  kind 
■which  were  run  in  the  United  States,  and  a  comijarison  of  results 
between  the  first  and  latest  methods  of  doing  this  class  of  work  would 
be  worthy  of  record. 

Herbert  M.  Wilson,  M.  Am.  Soc.  C.  E.  (by  letter). — This  exhaustive  Mr.  Wilson, 
paper  on  precise  sjjirit  leveling  covers  thoroughly  the  theoretic  con- 
ditions involved  in  the  practice  of  this  class  of  surveying.  It  is  especi- 
ally i^leasing  to  the  writer  and  should  be  to  this  Society,  because  it  sub- 
stantiates, theoretically,  the  principal  conclusions  brought  out  by  the 
discussion  of  the  paper  entitled,  "Spirit  Leveling  of  the  United  States 
Geological  Survey."!  Had  Mr.  Molitor  examined  this  paper,  he  woiild 
not  have  stated  that  he  is  unable  to  give  examjjles  of  speed  or  cost. 
Many  such  are  to  be  readily  obtained  from  a  study  of  the  reports  of 
the  United  States  Engineers,  the  United  States  Coast  and  Geodetic 
Survey  and  the  United  States  Geological  Survey,  and  a  few  are  pub- 
lished in  the  paper  above  referred  to. 

The  writer  is  glad  to  see  that  in  this  paper  the  title  "precise  sjiirit 
leveling  "  is  used,  thus  bringing  out  clearly  the  fact  that  it  is  spirit 
leveling  by  which  the  most  precise  work  is  done,  and  not  that  variety 

*  Professional  Papers,  Corps  of  Engineers,  U.  S.  Army,  188S,  No.  24,  p.  599  et  seq. 
+  Transactions,  Am.  Soc.  C.  E.,  Vol.  xxxix,  p.  339. 
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Mr.  Wilson,  of  leveling  wherein  numerous  instrument  constants  and  corrections  for 
"errors  "  are  ai^pliecl,  to  the  detriment  of  the  results. 

Mr.  Molitor  jioints  out  very  clearly  that  "  the  most  j^erfect  is  not 
necessarily  the  most  complicated  instrument.  On  the  contrary,  sim- 
plicity is  a  prime  necessity  in  the  usefulness  of  a  level."  Elsewhere, 
he  repeats,  in  order  to  point  out  clearly  that  in  his  opinion  the  best 
results  are  to  be  obtained  by  the  simplest  methods  of  running  and  of 
instrument  and  by  the  avoidance  of  those  methods,  practiced  in  the 
13ast,  which  require  the  application  of  corrections  and  constants  to  the 
instrument  and  its  results  before  the  latter  are  available  for  use.  Yet, 
these  admirable  conclusions  have  been  hidden  by  him  under  a  mass  of 
theoretic  discussion  of  errors  and  instrument  constants  and  their  cor- 
rection, which  are  so  voluminously  stated  as  to  befog  the  conclusions 
to  be  drawn  In  point  of  fact,  scarcely  any  of  the  constant  corrections 
are  to  be  applied  to  the  methods  preferred  by  Mr.  Molitor,  and  few  of 
the  errors  are  not  shown  by  him  to  be  eliminated  by  the  methods  of  ob- 
servation practiced. 

Level. — The  writer  partially  agrees  with  Mr.  Molitor  that  the  level 
made  by  Messrs.  Buff  and  Berger  for  Professor  Mendenhall  is  one  of  the 
best  ijrecise  leveling  instruments  ever  made.  Yet  he  speaks  slightingly 
of  the  quality  of  the  level  made  by  the  same  firm  for  the  Geological 
Survey,  when,  in  point  of  fact,  the  differences  between  the  two  are 
almost  wholly  in  minor  points  of  construction.  They  difler  promi- 
nently in  but  one  featiire — the  omission  of  the  attached  bubble  from 
the  Mendenhall  instrument  and  the  use  of  the  striding  level  alone  on 
that  instrument.  The  writer  is  inclined  to  agree  with  Mr.  Molitor  and 
others  that  the  striding  level  is  theoretically,  and  possibly  practically, 
slightly  in'efei'able  to  a  well-made  attached  level.  The  writer  will 
show,  farther  on,  however,  that  it  is  doubtful  if  any  better  results  in 
pi'ecise  leveling  have  ever  been  obtained  than  those  secured  by  the  Buff 
and  Berger  level  (Fig.  2,  Plate  XXXVI),  and  it  is  not  proven  yet  that 
the  slightly  more  complicated,  improved  Buff  and  Berger  is  superior. 
A  comparison  made  from  Table  No.  1  shows  that  in  most  of  the  essen- 
tials these  two  levels  are  superior  to  the  other  instruments  described. 
After  a  conference  on  the  subject  of  a  new  level  for  the  Geological  Sur- 
vey, tlie  maker  of  these  two  instruments  was  inclined  to  agree  with  the 
writer  that  it  was  doubtful  whether  the  changes  made  in  the  Menden- 
hall level  had  not  affected  some  of  its  simplest  and  most  admirable 
qualities  as  a  purely  precise  spirit  level.  Mr.  Molitor  makes  a  slight 
mistake  in  stating  that  on  the  Geological  Survey  instrument  6-  and  8- 
second  bubbles  are  used.  In  point  of  fact,  4-  and  8-second  bubbles 
are  used,  though  the  latter  only  under  unusual  conditions;  the  4- 
second  bubble  being  that  which  is  generally  used.  The  new  Coast 
Survey  instrument  should  be  of  sui^erior  make  because  of  its  reputed 
great  simi3licity. 
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Rods.— A  very  shallow  coating  of  paraffine  is  preferable  to  any  Mr.  Wilson. 
other  treatment,  as  it  will  keep  out  dampness,  etc.,  more  effectually 
than  painting,  and  yet  does  not  affect  a  sufficient  amount  of  the 
cross-section  of  the  rod  to  have  an  appreciable  influence  on  its  expan- 
sion. On  this  point,  however,  there  is  much  to  be  learned,  and  rods 
either  treated  as  above,  or  oiled  and  kept  freshly  coated  with  shel- 
lac, or  painted,  as  suggested  by  Mr.  Molitor,  are  probably  equally 
satisfactory. 

The  conclusions  to  be  drawn  from  a  series  of  careful  experimental 
levels  run  and  re-run  last  year  by  the  Geological  Survey  between 
Elmira  and  Corning,  New  York,  with  both  target  and  self-reading  rods 
of  most  approved  jjatterns,  indicated  that  there  was  little  differ- 
ence in  the  quality  of  the  results  obtained  by  either.  In  the  matter  of 
speed  and  relative  cost  there  was  a  decided  advantage  shown  in  favor 
of  the  target  rod,  and  these  are  points  which  engineers  thoroughly 
appreciate.  Self-reading  rods  are  slower  than  target  rods,  because 
on  even  moderate  grades  the  length  of  the  sights  must  be  materially 
reduced,  since  only  a  relatively  small  portion  of  the  rod  can  be  seen 
between  the  extreme  of  the  three  wires.  Moreover,  since  it  is  desir- 
able in  such  work  not  to  observe  nearer  the  ground  than  Ih  to  2  ft., 
because  of  refraction,  it  is  apparent  that  only  a  very  short  rod  is  avail- 
able and  the  lengths  of  sights  and  rate  of  speed  are  correspondingly 
reduced.  Finally,  the  use  of  self-reading  rods  retards  the  work 
because  of  the  time  required  to  read  and  record  all  these  wires. 

Turning  Points  and  Bench-lIm-Jcs.—  The  use  of  pins  for  turning 
points,  in  preference  to  plates,  has,  as  stated  by  Mr.  Molitor,  received 
the  ai3i3roval  of  nearly  all  jjrecise  levelers.  The  waiter,  however,  dis- 
approves of  the  hole  sunk  in  the  foot  of  the  tixrning  pin  into  which  a 
projection  on  the  foot  of  the  rod  is  placed,  because  of  the  danger  of 
dirt  getting  into  such  a  cavity  and  being  carelessly  left  there,  thus  vit- 
iating the  results.  He  also  disagrees  with  Mr.  Molitor's  recommenda- 
tion for  the  concealment  of  bench-marks.  A  very  wide  experience  with 
these,  in  every  j)art  of  the  United  States,  and  in  the  setting  of  thou- 
sands during  the  past  few  years  by  levelers  for  the  United  States  Geo- 
logical Survey  indicates  that  publicity  is  better,  and  this  is  in 
accordance  with  the  best  European  practice.  The  threat  of  fine,  etc., 
Ijrinted  on  the  Geological  Survey  bench-marks  has  its  effect  in  deter- 
ring many  from  disttirbiug  them,  though  in  i^oint  of  fact,  as  stated  by 
Mr.  Molitor,  the  conviction  of  a  transgressor  would  be  a  very  difficult 
matter.  However,  bench-mark  tablets  of  large  size,  attractively  lab- 
eled and  placed  in  prominent  positions  in  public  buildings  or  grounds 
are  decidedly  more  immune  from  injury  than  those  which  are  smaller 
and  concealed — this,  chiefly  for  the  reason  that  people  living  in  the  vi- 
cinity are  proud  of  and  become  interested  in  the  public  and  official 
mark  showing  the  height  of  their  locality,  and  would  interrupt  any 
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Mr.  Wilson,  vandal  who  would  attempt  to  injure  the  same.  Moreover,  its  very 
publicity  makes  it  difficult  for  any  one  to  disturb  it  without  detec- 
tion. 

SivipUciti/  of  Precise  Leveling. — It  is  feared  that  the  imposing  array 
of  mathematical  formulas  and  the  statements  as  to  the  very  high  grade 
of  personal  attainments  necessary  in  precise  levelers  will  deter  civil  en- 
gineers who  have  good  si^irit  leveling  to  do  from  attempting  work  of 
this  character.  To  counteract  this  effect  the  writer  insists  that  precise 
spirit  leveling  is  not  at  all  a  complicated  operation.  It  differs  little 
from  ordinary  spirit  leveling  excej^t  in  the  qiiality  of  instruments  and 
rods  used  and  in  the  precautions  taken  in  their  use.  At  little  expense 
over  that  incurred  in  the  more  crude  methods  of  spirit  leveling  ordi- 
narily used  on  engineering  work,  leveling  of  the  highest  order  is  pos- 
sible. Nor  are  scientific  attainments  of  a  very  high  order  requisite  in 
the  leveler.  Such  qualifications  as  are  to  be  found  in  well-educated 
instrumentmen  of  a  few  years'  experience  with  transit  or  level  will 
generally  suffice.  Although  for  the  best  results  only  the  best  instru- 
ments should  for  safety  be  used,  almost  equally  good  results  are  being 
obtained  daily  over  distances  of  less  than  100  miles,  such  as  engineers 
will  ordinarily  have  to  operate  in,  with  nearly  any  spirit  leveling  in- 
strument of  good  make.  It  is  not  necessary  to  point  out  to  engineers 
that  the  ultimate  test  of  the  qiiality  of  such  work  is  not  in  theoretic 
discussions  of  minute  errors.  These  are  of  value  in  pointing  out  the 
methods  to  be  used  and  the  cure  for  the  erx'ors;  but  the  test  of  the  re- 
sult is  in  the  error  shown  in  starting  from  a  given  point,  running  50,  or 
100,  or  1  000  miles,  and  closing  back  on  that  point.  No  better  results 
of  this  kind  have  ever  been  obtained  than  those  procured  under  the  di- 
rection of  Mr.  William  H.  Brown,  Chief  Engineer  of  the  Pennsylvania 
Railroad,  in  running  precise  levels  with  a  first-class  Heller  and  Brightly 
instrument,  or  by  the  United  States  Geological  Survey  with  an  instru- 
ment of  which  Mr.  Molitor  says:  "It  is  not  really  a  precise  level,  but 
merely  a  good  common  level."  Yet  with  these  instruments  the  very 
best  attainable  closures  have  been  invariably  procured. 

Unfortunately,  the  writer  is  not  at  this  time  able  to  quote  the  clos- 
ure errors  exactly  because  the  leveling  parties  are  still  at  work  in  the 
field,  or  because  his  present  duties  render  them  inaccessible;  however, 
in  a  line  1  043  miles  in  length  from  the  sea  coast  in  North  Carolina 
through  Asheville  and  Knoxville  to  Atlanta,  and  back  to  the  sea  coast 
at  Brunswick,  Ga.,  including  the  errors  of  tidal  observations  at  two 
points  on  the  coast,  the  closure  error  was  1.057  ft.,  a  result  within  per- 
missible limits,  when  it  is  remembered  that  the  total  length  of  the  dupli- 
cate line  is  twice  1  043,  or  2  086,  miles,  and  includes  errors  of  two  tide 
gauges.  Equally  good  results  have  been  had  in  closing  a  circuit  of 
780  miles,  half  of  which  consists  of  the  United  States  Engineers'  line 
from  Albany  to  Oswego  and  water  levels  on  Lakes  Ontario  and  Erie  to 
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Dunkirk,  and  the  other  half  of  Geological  Survey  levels  from  Dunkirk  Mr.  Wilson. 
via  Binghamton  to  Albany,  the  closure  error  being  0.645  ft. 

This  year  the  Geological  Survey  "common  levels"  have  closed, 
within  0.24:6  ft.,  a  line  run  from  the  old  United  States  Engineers' 
bench-mark  at  Utica  north  to  Mr.  Molitor's  own  line  for  the  Deep 
Waterways  Commission  at  Fort  Covington.  At  Pittsburg  the  Geolog- 
ical Siirvey  levels  checked  on  a  bench-mark  of  the  Pennsylvania  Rail- 
road "  common  levels  "   and  with  a  line  brought  by  the  Geological 


;  V Sj 

c  o  (.  o  V. ;    \         \'g''°'JJL 

—       ,  -^    /  '!m  I  s  s o  u  R  r 

"T--^ =^i-  ^  J  S 

J  f\ _c 


^N  T  U\C  K  v\a_.-''  g  \  ^  ^  '^   '^■^ 


Cincian: 


Vick'aburp,  ^.       ,,. 


LINES  OF  PRECISE  LEVELS  ARE  SHOWN 
BY  HEAVY  DOTTED  LINES. 


-v^ 


\ 


Fig.  18. 

Survey  from  the  Coast  Survey  bench-mark  at  Grafton,  W.  Va.,  to 
Pittsburg.  The  extreme  range  of  closure  was  0.368  ft.  in  a  distance  of 
1606  miles.  The  elevation  brought  by  the  Pennsylvania  Railroad 
direct  from  Sandy  Hook  is  738.491  ft.  That  brought  by  the  Coast 
Survey  from  Sandy  Hook  to  Grafton,  and  by  the  Geological  Survey 
thence  to  Pittsburg,  is  738.468  ft.  The  discrepancy  between  the  eleva- 
tion brought  by  the  Geological  Survey  from  Lake  Erie,  dependent  on 
the  old  United  States  Engineers'  levels  from  Albany,  and  the  Pennsyl- 
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Mr.  Wilson,  vania  Railroad,  in  1  227  miles,  was  0.215  ft.,  accej^ting  the  present 
height  of  Albany,  or  about  0.4  if  Albany  be  corrected.  At  Harrisburg 
the  closure  error  between  the  Pennsylvania  Railroad,  the  Geological 
Survey  and  the  Coast  Survey  was  0.079  ft.  in  376  miles. 

The  line  just  closed  by  the  Geological  Survey  on  a  Coast  Survey 
bench-mark  at  Poughkeei^sie,  from  a  Geological  Survey  bench-mark 
at  Biughamton,  shows  an  error  of  0.607  ft.  This  includes  a  circuit 
from  Poughkeejjsie  by  the  Coast  Siirvey  to  Albany,  thence  a  mean  of 
United  States  Engineers'  and  Geological  Survey  levels  via  Dunkirk  to 
Binghamton.  This  closure  goes  to  show  that  the  revised  Grist-mill 
bench-mark  at  Albany,  characterized  in  the  writer's  paper  of  1898,* 
is  still  in  error  by  about  half  a  foot,  since  the  application  of  the  closure 
error  just  obtained  to  results  had  through  Harrisburg  and  through 
Pittsburg  improves  the  closure  at  those  and  at  other  points  made  by 
lines  brought  from  Albany  and  from  other  directions.  Thus  applying 
it,  it  makes  a  line  to  Harrisburg  from  Elmira  and  Albany  close  with 
the  Pennsylvania  Railroad  0.044  ft.  low. 

The  writer  desires  to  emphasize  Mr.  Molitor's  statements  about 
heat  effects  on  the  instrument,  as  he  fully  agrees  with  him  that  practi- 
cally all  the  errors  which  cannot  be  eliminated  in  the  instrument  and 
in  the  running  are  those  due  to  changes  of  temperature.  Therefore, 
to  do  careful  work  of  this  kind,  every  effort  must  be  made  to  minimize 
heat  effects,  and  one  of  the  essentials  is  that  the  instrument  shall  be 
at  all  times  shaded  from  the  rays  of  the  sun.  Even  in  ordinary  level- 
ing the  bubble  can  be  so  much  more  quickly  brought  to  center  when 
the  instrument  is  shaded,  and  the  results  will  be  so  much  more  trust- 
worthy, that  the  cost  of  an  umbrellaman  will  i^ractically  be  saved  in 
a  short  time. 

The  members  of  this  Society  will  be  interested  to  know  that,  as  a 
result  of  the  writer's  paper  on  leveling,*  he  has  the  personal  statement 
of  the  Superintendent  of  the  United  States  Coast  Survey,  Professor  H. 
S.  Pritchett,  that  the  Coast  Survey  is  indebted  to  that  article  and  its 
discussion  for  its  clear  proof  of  the  necessity  of  a  revision  in  their 
methods  of  precise  leveling.  That  Bureau  discarded  in  1899  the  in- 
struments and  methods  theretofore  used,  and  is  now  using  a  new  in- 
strument made  by  it  which  is  similar  to  but  even  simpler  than  the 
Kern  and  the  Buff  and  Berger  levels.  The  chief  point  brought  out,  as 
a  result  of  the  conference  of  experts  which  recommended  the  changes, 
was  that  the  largest  source  of  error  was  due  to  temperature  and  the 
expansion  of  metal  in  the  instruments;  and  that,  therefore,  any  attempt 
to  introduce  instrumental  constants,  as  had  been  done  in  the  past,  was 
erroneous  because  of  the  uncertainty  of  the  coefficient  of  exiaansion 
and  its  effects  on  the  jDarts  of  the  instrument.  This  alone  is  a  striking 
argument  for  the  use  of  the  simplest  instrument   and   the   simplest 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  xxxix,  p.  339. 
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luetbods  without  the  applii'atiou  of  corrections  for  so-called  instrii-  Mr.  Wilson, 
ment  coustauts. 

The  members  of  this  Society  will  be  interested  to  know  that  now 
nearly  the  entire  eastern  half  of  the  United  States  is  thoroiighly  grid- 
ironed  by  lines  of  precise  levels.  It  is  scarcely  necessary  to  go  more 
than  100  miles  in  any  direction  to  get  a  bench-mark  which  is  connected 
directly  with  sea  level  by  precise  levels.  For  the  benefit  of  those  who 
are  interested  in  the  use  of  such  results  there  is  published  herewith 
an  outline  map,  Fig.  18,  showing  the  distribution  of  such  level  lines. 
In  many  places  there  are  adjusted  between  them  other  lines  of  levels 
derived  from  numerous  reliable  sources.  The  comjjleteness  of  the 
precise  level  net  in  New  York  and  Pennsylvania  attests  the  progress 
being  made  in  the  co-operative  topographic  surveys  of  those  states. 
Descriptions  and  elevations  of  all  precise  bench-marks  can  be  procured 
by  addressing  the  United  States  Geological  Survey  or  the  United 
States  Coast  and  Geodetic  Survey  Offices. 

E.  G.  Fischer,*  Esq.  (by  letter). — The  writer,  being  an  instrument  Mr.  Fischer, 
maker,  w^as  particularly  impressed  by  those  portions  of  this  interest- 
ing paper  which  treat  of  the  form  and  material  of  the  various  precise 
levels  and  level  rods.  Having  had  charge  of  the  construction  of  the 
instrument  described  therein  under  "  rf,"  page  792,  also  of  the  design 
for  a  reeonstraction  of  that  instrument,  and  the  design  and  construc- 
tion of  a  new  one  which  has  been  in  use  during  the  past  season,  the 
writer  feels  that  he  may  add  to  the  interest  in  the  subject  of  precise 
leveling  by  a  description  of  an  instrument  and  rod  designed  and  con- 
structed since  any  of  those  described  by  the  author.  A  few  remarks 
are  added  in  regard  to  the  instrument  selected  by  the  author  as  "  the 
most  perfect  precise  level  yet  produced." 

It  should  be  said  here  that  the  difficulty  between  the  engineer  and 
the  "  i^eculiarly  obstinate  "  instrument  maker  did  not  prevail  in  the 
planning  of  what  may  be  called  the  Coast  and  Geodetic  Survey  1900 
Precise  Level.  The  engineer  designated  the  method  and  the  principal 
features  required  to  satisfy  it,  and  the  instrument  maker  made  the 
design  which  was  approved  by  the  engineer. 

The  method  of  observation  adopted  in  the  Coast  and  Geodetic  Sur- 
vey obviates  the  use  of  a  revolving  telescope  and  a  reversible  stride 
level.  As  will  be  seen  in  Figs.  1  and  2,  Plate  XLIV,  the  advantages 
arising  from  this  fact  have  been  utilized  by  mounting  the  level  directly  ^ 
upon  the  telescope.  By  making  the  support  for  the  telescope  cylin- 
drical, it  was  not  only  given  the  strongest  and  lightest  form,  but  it 
could  be  made  to  serve  at  the  same  time  as  a  protection  to  the  level. 
The  whole  thus  offers  perhaps  a  minimum  of  surface  to  wind  pressure, 
and  is  less  readily  affected  by  temperature  changes. 

Considering  the  minuteness  of  the  quantities  producing  what  are 

*  Chief  of  the  Instrument  Division,  Coast  and  Geodetic  Survey. 
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Mr.  Fischer,  called  cumiilative  errors,  so  minute  that  a  most  sensitive  level  is  re- 
quired to  indicate  them,  the  aims  in  designing  the  new  precise  level 
were  to  select  the  material  with  a  view  to  the  smallness  of  its  expansion 
coefficient,  to  protect  the  vital  parts  against  sudden  and  unequal 
changes  of  temperature,  to  reduce  to  the  smallest  possible  dimension 
the  linear  distance  between  level  vial  and  line  of  collimation,  to  en- 
sure stability  by  reducing  the  distance  between  the  center  of  gravity 
and  the  plane  of  siipport,  and  to  enable  the  observer  to  obtain  the  rod 
reading,  as  neai'ly  as  possible,  simultaneously  with  the  setting  of  the 
level. 

The  material  selected  was  the  same  as  that  which  had  beenused  in  the 
reconstruction  of  the  older  instruments  of  the  Coast  and  Geodetic  Sur- 
vey in  the  spring  of  1899.  The  nickel-steel  alloys,  brought  out  by  Pro- 
fessor Guillaiime  of  the  International  Bureau  of  Standard  Weights  and 
Measures,  had  attracted  considerable  attention  by  reason  of  their  low 
expansion  coefficients  (down  to  0.000001  per  degree  Centigrade).  In- 
quu-y  established  the  fact  that  tubing  and  castings,  almost  indisjjensa- 
ble  in  the  construction  of  instruments,  could  not  be  obtained,  because 
attempts  to  produce  them  had  not  been  successful.  The  writer,  there- 
fore, secured  the  co-operation  of  a  brass  founder,  and  after  a  number 
of  trials  succeeded  in  obtaining  an  alloy  with  a  coefficient  of  0.001004, 
which  could  readily  be  cast  into  suitable  shajjes.  It  is  composed  of  66 
parts  of  a  soft  grade  of  cast  iron  and  34  parts  of  grain  nickel.  This  is 
a  metal  almost  j)roof  against  corrosion,  though  not  better,  as  far  as 
strength  is  concerned,  than  cast  iron.  A  peculiar  property  is  the  readi- 
ness with  which  it  takes  polish  and  the  smoothness  with  which  it  wears 
against  itself  even  under  considerable  pressure.  The  nickel-iron  draw 
tubes  of  the  three  reconstructed  instruments,  though  moving  in  bear- 
ings of  the  same  metal,  do  not  show  the  slightest  wear  or  looseness, 
though  they  have  been  used  in  running  200,  300  and  600  miles  of  double 
lines  of  leveling,  respectively.  This  alloy,  having  proven  its  worth  by 
a  considerable  improvement  in  the  results  obtained  during  the  season  of 
1899,  was  also  used  in  the  construction  of  the  1900  levels  of  the  United 
States  Coast  and  Geodetic  Survey,  Nos.  7  and  8.  The  telescopes  were 
cast  with  objective  head  and  draw-tube  bearings  complete,  with  the 
aid  of  cores,  as  were  also  the  tubes  surrounding  the  telescopes,  while 
the  draw  tubes  and  level  tubes  were  cast  solid  and  bored  out.  The 
sci-ews  which  pivot  the  telescope,  adjust  the  position  of  the  level  vial 
and  the  disc  carrying  the  spider  threads,  and  the  leveling  screw, 
are  made  of  nickel-steel  with  a  co-efficient  of  0.000001,  obtained  from 
the  firm*  producing  Professor  Guillaume's  nickel-steel  alloys.  As 
will  be  seen  from  Fig.  20,  the  telescope  tube  is  cut  open  to  admit 
of  the  level  tube  being  jilaced  as  near  to  its  axis  as  the  cone  of 
rays  formed  by  the  apertures  of  the  objective  and  reticule  will  per- 

*  The  Socifite  Anonyme  de  Commentry-Fourchamljault,  10  Place  Vendome,  Paris. 
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iMr.  Fischer,  mit.  The  outer  cyliuder  supports  the  telescojoe  by  means  of  the 
pivot  screws  shown  in  Fig.  19,  the  points  of  which  enter  at  a  place 
reinforced  by  a  ring  forming  also  a  diajjhragm;  and  the  micrometer 
screw,  the  end  of  which  carries  a  glass-hard  steel  tip  upon  which 
rests  the  telescope,  which  is  j^rovided  with  a  small  plate  of  glass- 
hard  steel  at  the  point  of  contact.  A  white  celluloid  head,  graduated 
to  100  parts,  and  an  index,  serve  to  obtain  quickly  the  horizon  setting 
when  placing  the  instrument.  The  pitch  of  the  screw  being  about  39 
threads  per  millimeter  (103  per  inch),  gives  a  value  of  about  2. 6  seconds 
l^er  division. 

The  telescope  has  a  vertical  motion  of  about  2  mm.  above  and  below 
the  horizontal  position.  Just  back  of  the  micrometer  screw  is  fastened 
to  the  outer  tube  a  small  eccentric  with  a  lever  handle,  by  means  of 
which  the  telescope  can  be  lifted  off  the  screw  and  pressed  against  a 
spring  above,  to  prevent  jarring  and  disturbing  the  level  adjustment 
while  carrying  the  instrument  from  station  to  station.  This  device 
is  not  shown  in  the  diagram,  but  can  be  seen  on  one  of  the  j^hoto- 
graphs.  The  necessary  oj^enings  between  the  telescope  and  the  ends 
of  the  outer  tube  are  closed  by  leather  cones  which  effectually  shut  out 
dust  and  air  currents,  without  in  the  slightest  degree  influencing  the 
freedom  of  the  telescope  to  assume  the  position  determined  by  pivots  and 
micrometer  screw.  The  level  tiibe  holds  the  vial  by  six  points  of  metallic 
contact,  three  at  each  end,  120^  apart,  the  two  lower  ones  being  formed 
by  the  ends  of  screws  piercing  the  tube,  the  upper  one  by  a  metal  tip 
at  the  end  of  a  flat  spring  fastened  to  the  tube  itself.  The  vial  is  con- 
fined longitudinally  by  cork  rings,  which,  however,  leave  a  clearance 
of  about  h  mm.  The  level  tube  is  fastened  to  the  telescope  at  the  end 
nearest  to  the  ocular  by  means  of  a  square-headed  vertical  adjusting 
screw  of  about  27  threads  per  centimeter,  working  against  two  very 
strong  helical  steel  springs,  and  moved  by  a  socket  wrench  with  long 
lever  arms,  enabling  the  observer  to  make  very  delicate  adjustments 
with  ease.  A  turn  ov  two  of  a  small  milled-head  screw  permits  the 
glass  cover  over  the  oblong  opening  in  the  outer  tube  to  be  slipped 
back  sufficiently  for  the  admittance  of  the  wrench.  At  the  other  end 
the  tube  is  held  by  a  clamping  screw  and  two  opposing  screws  for 
adjusting  the  level  vial  laterally. 

Two  slightly  enlarged  jjortions  of  the  telescope  tube,  which  are 
indicated  in  Fig.  20,  but  hidden  under  the  leather  cones  in  the  photo- 
graphic views,  are  turned  to  equal  diameters,  and  as  nearly  as  possible 
co-axial  with  the  objective  head  and  draw-tube  bearings.  By  means 
of  these  collars,  and  suitable  shop  contrivances,  the  intersection  of  the 
vertical  spider  thread  and  middle  horizontal  thread  is  adjusted  to  fall 
in  the  geometric  axis  of  the  telescope,  thus  avoiding  errors  due  to 
divergence  between  the  line  of  sight  and  the  line  of  motion  of  the 
draw  tube.     The  level  vial  is  also  placed  parallel  to  the  line  of  sight 
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Fig.  1.— The  Coast  and  Geodetic  Survey  I,evel  of  1900. 


Fig.  2.— The  Coast  and  Geodetic  Survey  Level  of  1900. 
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in  the  shop,  before  tbe  iustrument  is  finally  put  together.  The  ol)jec-  Mr.  Fischer, 
tive  has  a  focal  length  of  41  cm.  and  a  clear  aperture  of  4.2  cm.  Two 
Steiuheil  eyepieces,  of  9.5  mm.  (I  in.)  and  12.5  mm.  {\  in.)  equivalent 
focus,  are  provided,  having  magnifying  powers  of  43  and  32  diameters, 
respectively.  The  system  of  spider  threads  consists  of  one  vertical 
and  three  horizontal  lines.  The  upper  and  lower  horizontal  threads 
were  i:)laced  to  embrace  a  space  of  30  cm.  at  a  distance  of  100  m.,  as 
requested  by  the  engineer. 

The  outer  tube  and  the  telescope  and  level  tube  are  covered  with  a 
substantial  coating  of  cloth  dust,  to  protect  them  against  sudden 
changes  of  temperature. 

The  level-reading  device  (Figs.  21  and  22),  is  a  modification  of  that 
made  by  Berthelemy  (Fig  2,  Plate  XXXV),  and  was  first  applied  to  the 
three  Coast  and  Geodetic  Survey  instruments  when  remodeled  in  the 
early  part  of  1899  (Figs.  1  and  2,  Plate  XLV).  The  same  device  was 
adojited  for  the  new  instruments  where  it  could  be  applied  in  a  more 
<3omi3act  form.  The  difference 
between  the  French  device  and 
its  modification  is  readily  ap- 
jjarent  from  the  illustrations. 
The  large  and  weighty  mechan- 
ism has  been  reduced  and  placed 
near  the  base  of  the  instrument, 
and,  what  is  considered  the  most 
important  change,  the  eye  tube 
has  been  placed  at  binocular  dis- 
tance from  the  eyepiece  of  the 
telescope,  enabling  the  observer 
to   control   both   rod    and    level 

bubble  as  nearly  simultaneously  Fig.  23. 

as  his  ability  to  change  mental  attention  from  one  image  to  the 
other  will  permit.  The  distance  between  the  axes  of  the  telescope 
and  level-reading  tube  can  be  adjusted  to  suit  the  individu.al  ob- 
server. The  images  of  the  ends  of  the  bubble  and  the  scale  divi- 
sions in  their  vicinity  are  reflected  by  the  mirror  above  the  open- 
ing of  the  outer  tube  into  two  prisms  and  are  by  them  reflected,  in  a 
direction  ijarallel  to  the  telescojie,  into  the  observer's  eye.  The  prisms 
have  curved  surfaces,  and,  together  with  a  lens  mounted  between 
them  and  the  eye  end,  reduce  the  distances  between  the  ends  of  the 
bubble  and  the  eye  to  the  normal  distance  of  distinct  vision.  The  cap 
forming  the  eye  end  is  arranged  to  hold  such  a  lens  as  an  individual 
observer  may  need  to  adapt  the  normal  distance  to  an  abnormal  eye. 
The  means  of  keejiing  the  jji-isms  adjusted  symmetrically  to  the  ends  of 
the  bubble  are  illustrated  in  Fig.  22.  They  are  much  simpler  than 
those  in  the  French  instrument,  in  which  racks  and  pinions  are  used. 
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Mr.  Fischer.  The  level  vials  are  graduated  to  2-mm.  spaces,  and  liave  values  of 
somewhat  less  than  2  seconds  per  space.  A  small  universal  level  with 
45°  reflector  aids  in  quickly  placing  the  instrument  in  operating 
position. 

The  centers  are  of  the  single-cone  type,  and  are  made  of  the  hardest 
and  toughest  steel  (Sanderson's  Tool  Steel  No.  6),  and  fit  closely  into 
the  trijiod  socket,  which  is  made  of  a  hard  and  fine-grained  cast  iron, 
furnished  by  the  Brown  and  Sharpe  Manufacturing  Company.  The 
distance  from  the  line  of  collimation  to  the  jilane  of  support  was 
reduced  from  17.7  cm.  in  the  old  instrument  to  10.9  cm.  in  the  new, 
while  the  length  of  the  center  was  increased  from  7.3  to  10.0  cm. 
The  radial  distance  of  the  foot  screw  is  9.0  cm. 

The  device  for  clamijing  the  instrument  to  the  tripod  head  for 
carrying  from  station  to  station  is  arranged  so  that  the  former  cannot 
rest  upon  the  latter  unless  the  large  clamji  screw  under  the  tripod 
head  is  screwed  home,  that  is,  the  observer  when  mounting  the  instru- 
ment upon  the  tripod  for  the  day's  work,  cannot  forget  to  secure  it  so 
that  the  whole  may  be  i^icked  up  and  carried  without  accident.  The 
w^eight  of  the  instrument  is  5.2  and  that  of  the  stand  7.2  kgr. 

The  writer  feels  seriously  the  weakness  of  the  described  instrument 
due  to  the  loose  texture  of  the  alloy  used  for  the  telescoj^e,  level, 
draw  and  outer  tubes,  which  would  cause  the  instrument  to  suffer 
materially  in  an  accident  that  would  biit  slightly  disarrange  an 
instrument  constructed  of  wrought  metal; 
but  the   love  and  esteem  it  has  won   for  ,?-_2_ci'iii 

itself  from  the  user  during  the  past  season 
aids,  to  some  extent  at  least,  in  shielding      j 
it  against  mishaps.  1 

With  the  aid  of  the  several  photo-  « 
grai^hs,  Figs.  1,  2  and  3,  Plate  XLVI,  and  r 
Fig.  23,  there  will  be  no  difficulty  in  : 
forming  a  clear   concejDtion   of   the   level     .L. 

rod    used    during    the    seasons   1899   and  '• ^7-2-cm J 

1900  in  the  Coast  and  Geodetic  Survey.  j-j^  33 

As  will  be  seen  from  Fig.  23,  the  cross- 
section  is  symmetrical  with  reference  to  a  central  vertical  line.  A 
broad  strip,  carrying  the  graduation  on  one  edge,  is  provided  with 
two  side  ribs,  forming  with  it  a  cross.  The  center  of  the  foot, 
made  of  the  hardest  bell  metal,  is  placed  in  the  plane  of  the  graduated 
face  of  the  rod  and  is  spherical  with  a  radius  of  2.6  cm.  For  control 
of  the  length  of  the  rod,  silver- faced  plugs  of  6  mm.  diameter  are 
inserted  at  the  first  decimeter  above  the  foot,  and  at  the  11,  21  and  31- 
dcm.  marks  above  it,  fine  lines  across  them  forming  joart  of  the  gradua- 
tion. Frequent  measurements  with  the  same  steel  tape  during  the 
season's  work  enable  the  observer  to  keep  informed  as  to  any  changes 
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Fig.  1. -The  Coast  and  Geodetic  Survey  Level  of  1899. 


Fig.  2.— The  Coast  and  Geodetic  Survey  Level  of 
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taking  place  iu  the  field  and  at  what  time  they  take  place.  The  matei-ial  Mr.  Fischer, 
from  which  these  rods  are  made  was  treated  with  jjarafiine,  but 
nuder  considerably  lower  tempex'ature  than  those  mentioned  by  the 
author,  so  that  the  life  of  the  wood,  which  is  pine  of  a  very  light 
weight,  is  not  appreciably  impaired.  The  treatment  was  changed 
after  the  coustri;ction  of  the  first  pair  of  rods  referred  to  in  the 
paper,  so  that,  although  the  paraftine  was  made  to  penetrate  to  the 
center  of  the  strips  of  wood,  all  but  about  19%  was  driven  otxt  again 
before  allowing  them  to  cool. 

The  author's  statement  that  the  coefficient  of  expansion  of  wood  is 
increased  by  about  SOj'i^,  according  to  determinations  of  the  Coast 
and  Geodetic  Survey,  must  be  based  upon  some  mistake,  since  careful 
measurements  gave  a  coefficient 
of  0.0000042,  while  that  of  un- 
treated pine  is  usually  given  as 
0.000004  (seepage  834). 

The  handle,  universal  level 
and  thermometer  are  shown  in 
Fig.  3,  Plate  XL VI.  The  latter 
has  a  bent  bulb  which  rests  in 
the  center  of  the  cross-section 
and  is  surrounded  by  sawdust 
made  of  paraffined  wood;  the 
view  shows  the  wooden  protect- 
ing shield  raised  for  reading  the 
temperature.  The  weight  of  the 
rod,  obtained  from  weighing  two 
of  them,  is  4.7  kgr. 

Fig.  24  is  a  jjlan  and  section 
of  the  foot  plate.  It  is  made  of 
cast  iron  and  the  spherical  cavity 
is  turned  to  a  radius  of  3. 6  cm. , 
which  is  but  little  greater  than 
that  of  the  foot  of  the  rod.  Fig.  24, 

"While,  after  all  that  may  be  said  for  or  against  the  form  and  ma- 
terial of  an  instrument,  the  final  test  lies  in  the  results  obtained  with 
it;  and  while  the  results  obtained  with  the  one  selected  by  the 
author  as  the  best  may  be  better  or  worse  than  those  secured  with  the 
one  here  described  and  others  described  in  his  paper,  a  matter  which 
is  left  for  the  engineer  and  computer  to  decide,  the  writer  cannot  help 
but  ask  what  particular  features  in  the  Buff  and  Berger  level  No.  2768 
decided  the  author  to  select  it  from  the  rest  of  those  he  described.  Its 
optical  power  is  superior  to  that  of  any  of  the  others;  that  of  the  Swiss 
level,  though  equal  to  it  in  diameters,  is  yet  inferior  by  reason  of  its 
shorter  focal  length.     The  telescope  is  mounted  nearer  to  the  top  of 
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Mr.  Fischer,  the  vertical  axis  than  in  any  of  the  other  instruments,  and  the  distance 
between  level  and  line  of  eollimation  is  apparently  smaller  than  in  any 
of  the  others  except  the  Swiss  level.  These  are  points  in  its  favor. 
But,  on  the  other  hand,  would  it  not  be  a  better  instrument  if  it  were 
not  for  the  tall  mirror  and  its  supports,  mounted  where  the  wind  must 
be  most  effective  and  forbid  its  use  when  another  would  be  compara- 
tively steady?  Should  not  the  level  vial  be  protected  from  currents  of 
air?  The  writer  has  observed,  in  an  instrument  mounted  on  a  heavy 
stone  pier,  fliictuations  of  the  level  amounting  to  1  to  2  divisions,  in 
precise  coincidence  with  pufls  of  wind  too  gentle  to  have  caused  the 
movements  of  the  bubble  by  any  other  than  temiaerature  effects.  Such 
air  currents  or  puffs  of  wind  would  very  likely  attack  also  the  ui^per 
half  of  the  portion  of  the  telescope  shielded  below  by  the  cradle,  and 
cause  temporary  warping  of  the  line  of  eollimation  in  a  vertical  direc- 
tion which  would  not  be  controlled  by  the  level. 

The  mounting  of  the  micrometer  screw  at  the  end  of  a  long  horn 
extending  out  from  the  cradle  support,  to  make  contact  with  a  similar 
one  attached  to  the  cradle,  seems  a  large  price  to  pay  for  the  unim- 
portant advantage  of  having  the  cradle  swiveled  in  the  center  of  the 
instrument.  It  admits  of  disturbances  due  to  temperature  effects  and 
adds  considerably  to  the  already  large  area  of  surface  exposed  to  wind 
pressure.  The  use  of  brass  for  the  telescope  and  other  parts  of  the  in- 
strument, with  its  high  temperature  coefficient  of  0.000018,  and 
especially  the  use  of  steel  collars  on  a  brass  telescope  tube,  seems  to 
the  writer  contrary  to  good  principles  in  designing  an  apparatus  for 
such  delicate  uses  as  those  of  a  precise  level.  In  the  case  of  astrono- 
mical transits,  meridian  circles  and  other  instruments  of  the  highest 
order,  where  the  control  of  the  pivot  axes  by  a  striding  level  is  of  the 
greatest  importance,  it  has  been  held  for  many  years  that,  in  order  to 
preserve  the  true  figure  and  equality  of  the  cylinders  forming  the 
pivots,  they  should  be  supported  in  material  which  will  itself  yield  and 
wear  rather  than  cause  their  deformation.  This  was  not  regarded  in 
the  design  of  the  author's  favorite  level,  in  which  the  steel  collars  of 
the  telescope  rest  upon  agate  points,  which  must  certainly  indent  them, 
after  but  little  use.  Why  not  have  had  the  collars  rest  across  the 
whole  width  of  bearings  made  of  softer  material  than  hardened  steel? 
The  author's  statement  that  the  four  contact  points  of  the  cradle  wyes 
should  not  lie  in  the  same  circles  as  those  of  the  striding  level  would 
not  be  necessary  if  grooves  were  not  worn  in  the  collars.  In  the 
writer's  opinion,  ideal  conditions  can  be  reached  more  nearly  by 
providing  line  contacts  with  wyes  of  some  material  wearing  more 
quickly  than  that  of  the  collars;  in  a  very  short  time,  really  before  the 
instru.ment  goes  to  the  field,  these  lines  are  worn  into  narrow  cylindri- 
cal surfaces ;  if  the  wyes  of  the  stride  level  are  fitted  in  the  same  manner 
its  readings  can  be  relied  upon  for  indicating  the  direction  of  the  line 
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of  sight  and  ineqiuility  of  collars,  provided,  of  course,  that  longitudinal  Mr.  Fischer. 
motion  is  prevented.  The  writer  cannot  admit  that  mounting  the 
level  vial  in  its  support  by  a  strip  of  blottingimiDer  or  cork  will  secure 
the  extreme  stability  in  the  make-up  of  a  precise  level.  For  the  jjast 
twelve  years  all  level  vials,  except  the  very  smallest,  of  the  instruments 
belonging  to  and  made  for  the  Coast  and  Geodetic  Survey,  have  been 
mounted  in  the  manner  above  described,  that  is,  in  metallic  supports, 
free  to  follow  temperature  changfes  and  free  from  eflfects  due  to  swell- 
ing or  shrinking  of  cork,  paper,  wood,  etc. 

John  F.  Hayfobd,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — The  Mr.  Hayford. 
author's  treatment  of  the  subject  of  precise  leveling  has  been  read 
with  interest,  because  it  is  evidently  a  serious  attempt  to  solve  a 
problem  to  which  the  writer  has  devoted  much  time  during  the  last 
two  years.  The  writer  finds  that  he  must  dissent  from  several  of  the 
main  points  reached  in  the  paper,  as  well  as  from  many  of  the  minor 
points.  In  expressing  that  dissent  fully  there  is  no  intention  of 
reflecting  on  the  author's  intellectual  honesty,  his  ability,  or  his  sin- 
cerity of  purpose.  The  writer  must  express  here  his  confidence  in  the 
high  degree  of  accuracy  attained  in  the  two  precise  level  lines  run  by 
the  author.  In  the  expressions  of  dissent  in  this  discussion  an  attempt 
has  been  made  to  avoid  making  merely  a  statement  of  difference  of 
opinion,  thus  leaving  the  reader  to  decide  between  opposing  opinions 
without  an  adequate  basis  for  his  decision,  and  to  state  as  fiilly  as  is 
possible  in  a  discussion  of  readable  length  the  points  wherein  the  writer 
believes  that  the  author's  conclusions  rest  upon  an  insufficient  basis,  or 
wherein  the  foundation  for  an  opjaosing  opinion  is  more  substantial. 

The  paper  is  very  largely  an  advocacy  of  a  certain  instrument  and 
a  certain  method  of  observation,  together  with  a  statement  of  the 
reasons  for  believing  in  such  an  instrument  and  method.  It  ha^jpens 
that  another  instrument  and  another  method  embody  the  views  of  the 
writer.  It  has,  therefore,  seemed  that  the  best  form  for  this  discussion 
is  to  first  describe  the  writer's  favorite  instrument  and  method,  and 
to  call  especial  attention  to  the  most  important  points  in  which  they 
differ  from  those  of  the  author;  to  set  forth  in  brief  the  considerations 
which  led  to  the  adoption  of  this  particular  instrument  and  method 
for  use  in  the  Coast  and  Geodetic  Survey;  then  to  call  attention 
specifically  to  certain  points  in  the  paper;  and  to  close,  as  the  author 
has  done,  with  a  statement  of  the  speed  and  cost  of  leveling. 

Coast  and  Geodetic  Survey  Level  of  1900. — As  this  instrument, 
together  with  the  rods  used  with  it,  has  already  been  fully  described 
by  Mr.  E.  G.  Fischer,  the  designer  of  the  instrument,  it  will  suffice 
here  to  call  attention  anew  to  three  main  points. 

1st.  The  instrument  is  irreversible,  and  as  simple  as  possible.  It 
will  be  seen  later  that  this  principle  is  coupled  with  the  simislest  pos- 
sible programme  of  observation. 
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Mr.  Hayford.  2d.  Great  care  has  been  taken  to  prevent  eri'ors  due  to  changes  in 
the  relative  temperature  of  the  different  parts  of  the  instrument. 

3d.  A  device  for  reading  the  bubble  has  been  supplied  which 
enables  the  observer  to  stand  erect  at  all  times  and  see  the  bubble  and 
the  rod  altex-nately  and  in  quick  succession,  without  moving  the  eye- 
balls, and  without  even  refociising  the  eye,  the  only  change  required 
being  in  fact  a  mere  shifting  of  the  attention  from  one  eye  to  the  other. 

This  instrument,  put  into  use  in  1900  in  the  Coast  and  Geodetic 
Survey,  is  radically  different  from  the  instrument  used  in  the  same 
organization  previous  to  1899,  Fig.  1,  Plate  XXXVI.  The  1900  instru- 
ment was  preceded  in  1899  by  an  intermediate  type,  illustrated  on 
Plate  XLIV.  The  1899  type  was  produced  by  modifying  the  instru- 
ment, Pig.  1,  Plate  XXXVI,  by  redesigning  the  striding  level  in  such 
a  way  as  to  bring  the  level  vial  and  the  line  of  collimation  of  the  tele- 
scope much  nearer  together;  by  constructing  the  telescope  barrel, 
including  the  collars  and  the  principal  metallic  jmrts  of  the  striding 
level  of  a  nickel-iron  alloy,  having  a  low  coefficient  of  expansion, 
about  the  same  as  that  of  pine;  and  by  providing  a  device  for  reading 
the  bubble  similar  to  that  described  fully  by  Mr.  Fischer  in  connec- 
tion with  the  1900  level. 

Though  it  was  possible  to  reverse  the  telescope  of  the  1899  level 
about  its  axis  of  figure,  and  to  reverse  the  striding  level,  such  reversals 
were  not  actually  made  during  the  course  of  the  regular  leveling 
observations,  but  only  when  determining  instrumental  constants. 
Hence,  when  the  non-reversing  method  of  observation  had,  during  the 
working  season  of  1899,  been  found  thoroughly  satisfactory  in  every 
respect,  it  was  but  a  logical  step,  in  designing  the  new  instrument,  to 
make  it  irreversible,  and,  in  doing  so,  to  insure  greater  stability  in  the 
relative  positions  of  its  parts  and  to  make  its  manipulation  easier  and 
quicker. 

Aside  from  the  advantages  which  may  be  claimed  for  the  1900  Coast 
and  Geodetic  Survey  instrument  over  the  Mendenhall  instrument, 
which  is  the  author's  favorite — and  also  over  the  Kern  instruments, 
which  have  been  used  extensively  under  the  U.  S.  Corps  of  Engineers — 
which  have  already  been  mentioned  and  which  imply  an  instrument 
maker's  or  office  point  of  view,  the  following  jaoints  will  be  especially 
ai^preciated  by  the  observer  in  the  field.  The  quotation  is  from  an 
observer*  who  has  j^robably  run  more  miles  of  precise  leveling  than 
any  other  man  in  the  United  States,  and  whose  work  has  been  subjected 
to  very  severe  tests  by  being  involved  in  many  circuits  and  has  been 
uniformly  found  to  be  of  the  highest  degree  of  accuracy.  This  observer 
used  a  Kern  level  until  1899. 

"The  1900  instrument  is  a  great  success.  In  using  it  there  need 
be  no  fear  of  the  effects  of  dirt  or  dust,  the  Y's  having  been  eliminated ; 

*  Mr.  O.  W.  Ferguson,  formerly  eugaged  on  various  level  lines  under  the  Corps  of 
Engineers,  and  now  an  Assistant  in  the  Coast  and  Geodetic  Survey. 
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no  fear  that  the  level  does  not  '  set  right,'  as  there  is  with  other  instx-u-  Mr.  Hayford. 
ments;  no  fear  that  the  wind  will  tilt  the  striding  level  a  little  between 
back  sights  and  fore  sights  and  so  change  the  inclination;  no  fear  that 
the  collars  may  have  needed  Aviping;  and  no  fear  that  an  ill-directed 
motion  of  the  hand  has  disturbed  the  relation  between  the  level  vial 
and  telesco])e,  or  the  verticalitv  of  the  wires.  This  new  instrument  is 
about  15  "o  (Quicker  to  manipulate  than  the  Kern  level  or  other  instru- 
ments of  that  tvpe.  It  is  leveled  up  and  made  ready  to  observe  quicker 
than  the  otlier  instruments,  and  after  observing  it  requires  very  little 
time  to  put  the  instrument  in  condition  to  be  carried  forward  to  the 
next  station.  The  i:)risms,  reflecting  the  ends  of  the  bubble  through 
the  false  telescoj^e,  are  a  great  comfort  to  the  observer.  This  device 
is  superior  to  the  inclined  plane  mirror  often  used  for  that  purpose, 
for  it  concentrates  the  vision  on  the  ends  of  the  bubble  and  shuts  out 
distracting  patches  of  light  and  images  of  ti-ees  and  other  objects 
which  sometimes  appeared  so  prominent  in  the  inclined  plane  mirror 
that  it  was  hard  to  read  the  bubble." 

Present  Method  of  Observation,  Coast  and  Geodetic  Survey.  —The 
method  of  observation  used  in  the  Coast  and  Geodetic  Survey  in  1899 
is  indicated  in  the  following  general  directions  which  were  issued  to 
the  observers  in  the  field: 

"1.  Except  when  specific  instructions  are  given  to  proceed  other- 
wise, all  lines  are  to  be  leveled  independently  in  both  the  forward  and 
the  backward  direction. 

"2.  It  is  desirable  that  the  backward  measurement  on  each  section 
should  be  made  under  different  atmospheric  conditions  from  those 
which  occurred  on  the  forward  measurement.  It  is  especially  desir- 
able to  make  the  backward  measui-ement  in  the  afternoon  if  the 
forward  measurement  was  made  in  the  forenoon,  and  vice,  versa.  The 
observer  is  to  secure  as  much  difference  of  conditions  between  the 
forward  and  backward  measurements  as  is  possible  without  materially 
delaying  the  work  for  that  purpose. 

"3.  On  all  sections  upon  which  the  forward  and  backward 
measures  differ  by  more  than  4.0  mm.  V'  K  (in  which  K  is  the  distance 
leveled  between  adjacent  bench-marks,  in  kilometers),  both  the  forward 
and  backward  measures  are  to  be  repeated  until  two  such  measures 
fall  within  the  limit. 

"4.  The  programme  of  observation  at  each  station  is  to  be  as 
follows: 

"  Set  up  and  level  the  instrument.  Read  the  three  lines  of  the 
•diaphragm  as  seen  projected  against  the  front  (or  rear)  rod,  each  read- 
ing being  taken  to  the  nearest  millimeter  (estimated)  and  the  bubble 
being  held  continuously  in  the  middle  of  the  tube  (/.  e. ,  both  ends 
reading  the  same).  As  soon  as  possible  thereafter  read  the  three  lines 
of  the  diaphragm  as  seen  projected  against  the  rear  (or  front)  rod, 
estimating  to  millimeters  as  before,  and  holding  the  bubble  contin- 
uously in  the  middle  of  the  tube.  During  all  observations  the  tele- 
scope is  to  be  ei-ect  and  the  striding  level  with  a  particular  leg  toward 
the  objective — that  is,  there  are  to  be  no  reversals  of  the  telescope  or 
sti'iding  level. 

"5.  At  each  rod  station  the  rod  thermometer  is  to  be  read  and  the 
temperature  recorded. 

"6.  At  stations  of  odd  numbers  the  back  sight  is  to  be  taken 
before  the  fore  sight,  and  at  even  stations  the  fore  sight  is  to  be  taken 
before  the  back  sight. 
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Mr.  Hayford.  "7.  The  maximum  diflference  in  length  between  a  fore  sight  and 
the  corresponding  back  sight  is  to  be  10  m.  The  actual  difference  is 
to  be  made  as  small  on  each  pair  of  sights  as  is  feasible  by  the  nse  of 
good  judgment  -without  any  expenditure  of  time  for  this  particular 
purpose. 

"8.  The  recorder  shall  keep  a  record  of  the  rod  intervals  sub- 
tended by  the  extreme  lines  of  the  diaphragm  on  each  back  sight, 
together  with  their  continuous  sum  between  bench-marks.  A  similar 
record  shall  be  kept  for  the  fore  sights.  The  two  continuous  sums 
shall  be  kept  as  nearly  equal  as  is  feasible  without  the  exi^enditure  of 
extra  time  for  that  purpose,  by  setting  the  instrument  beyond  (or 
short  of)  the  middle  point  between  the  back  and  front  rods.  The  two 
continuous  sums  shall  not  be  allowed  to  differ  by  more  than  a  quan- 
tity corresponding  to  a  distance  of  20  m. 

'"  9.  The  inequality  of  collars  shall  be  determined  at  the  beginning 
and  end  of  each  season  of  work. 

"The  collimation  error  shall  be  determined  once  for  each  day  of 
work,  by  a  set  of  three  readings  in  the  direct  position  and  two  in  the 
reverse  position  of  the  telescope. 

"  The  error  of  adjustment  of  the  striding  level  shall  be  determined 
at  least  twice  on  each  day  of  work  by  a  set  of  three  readings  in  the 
ordinary  position  and  two  in  the  reverse  position. 

"10.  Notes  for  future  use  in  stiidying  leveling  errors  shall  be 
inserted  in  the  record,  indicating  the  time  of  beginning  and  ending  of 
the  work  of  each  half  day;  indicating  the  weather  conditions,  espe- 
cially as  to  cloudiness  and  wind;  indicating  whether  each  portion  of 
the  line  is  run  toward  or  away  from  the  sun;  and  such  other  notes  as 
promise  to  be  of  value  m  studying  errors. 

"  11.  The  instrument  shall  be  shaded  from  the  direct  rays  of  the 
sun,  both  during  the  observations  and  the  movement  from  station  to 
station. 

"  12.  The  maximum  length  of  sight  shall  be  150  m.,  and  the  maxi- 
mum is  to  be  attained  only  under  the  most  favorable  circumstances." 

When  instruments  of  the  1900  design  were  issued  to  two  of  the 
parties  during  the  past  season  it  was  necessary  to  make  the  following 
changes  in  these  general  directions  on  account  of  the  fact  that  the  new 
instruments  are  not  reversible: 

"  The  last  sentence  of  Section  4  of  the  general  directions  for  precise 
leveling  is  now  unnecessary. 

"  In  place  of  Section  9  substitute  '  Once  during  each  day  of  observa- 
tion the  error  of  the  level  should  be  determined  in  the  regular  course 
of  the  leveling,  and  recorded  in  a  separate  opening  of  the  record 
book  as  follows:  The  ordinary  observations  at  an  instrument  station 
being  completed,  transcribe  the  last  fore  sight  reading  as  part  of  the 
error  determination,  call  up  the  back  rod  and  have  it  placed  about  10 
m.  back  of  the  instrument,  read  the  rod,  move  the  instrument  to  a 
i:)Osition  about  10  m.  behind  the  front  rod,  read  thetront  rod  and  then 
the  back  rod.  The  rod  readings  must  be  taken  with  the  bubble  in  the 
middle  of  its  tube.  The  required  constant  C  to  be  determined, 
namely,  the  ratio  of  the  required  correction  to  any  rod  reading  to  the 
corresponding  subtended  interval,  is 

(sum  of    near   rod    readings)  —  (sum  of  distant  rod  readings) 
(sum  of  distant  rod  intervals)  —  (sum    of  near  rod  intervals) 
The  level  should  not  be  adjusted  if  C  is  less  than  0.005.     If  a  new  ad- 
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justment  of  the  level  is  made,  G  sliould  at  once  be  re-determined.     It  Mr.  Hayford. 
is  desirable  to  have  the  determinations  of  level  error  made  nnder  the 
ordinary  conditions  as  to  length  of  sight,  character  of  ground,  eleva- 
tion of  line  of  sight  above  the  ground,  etc'  " 

It  is  important  to  note,  although  nothing  in  the  foregoing  directions 
bears  upon  that  point,  that  the  usual  practice  in  the  Coast  and 
Goedetic  Survey  of  continuing  the  observations  throughout  the  day 
was  not  changed.  The  only  concession  made  to  the  idea  that  observa- 
tions should  be  taken  only  during  the  early  morning  hours  or  late 
evening  hours  was,  that  the  period  of  rest  at  noon  was  sometimes  made 
unusually  long. 

In  order  to  obtain  the  actual  lengths  of  the  rods  while  in  use  in  the 
field,  the  practice  has  been  to  have  the  rods  measured  accurately  at  the 
Office  of  Standard  Weights  and  Measures,  at  the  beginning  and  end  of 
the  field  season,  and  to  six  implement  these  measures  by  tape  measures 
made  in  the  field  once  or  twice  a  month  during  the  field  season. 

The  following  examples  of  the  record  and  computation  will  serve  to 
explain  the  method  still  further: 


TABLE  No.  27.— Spibit  Leveling. 

Forward.     From  B.   M.  68 


Date,    August    29th,  1900.     Sun,  C 
to  B.  M.  G.     Wind,  S.  T. 


No.  of  station. 

1^ 

a 

03 

1^ 

0-3 

II 

a 

Hi 

1| 
^1 

02  fl 

Time,  3.00  p.  m. 
43 

0  674 
0  773 

0  872  > 

0  925 

1  031 
1  135 

0  484 
0  582 
0  681 

0  398 
0  495 
0  592 

1027 
1053 

1080 

'6773'.6" 

'{(m'.k' 

'b582.h' 

"64iJ5!6' 
'3933  ".9" 

99 
99 
198 

1C6 
104 
210 

98 
99 
197 

97 
97 
194 

26 
27 
53 

V 
38 

2  683 
2  782 
2  882 

2  415 
2  518 
2  621 

2  510 
2  606 

2  702 

2  859 

2  955 

3  050 

1006 
1035 
1063 

■ ■2782;3 

' '25i8!6 
"2606!o 
"2954!  7 

"i634!7 

■ii895!7 
—7961.8 

99 
100 
199 

103 
103 
206 

96 
96 
192 

96 
95 
191 

29 
28 
57 

44 

"408' 

W 
35 

405 

45 

"eos" 

V 
35 

597 

46 

■■799" 

W 
34 



788 

47 

■■852" 

V 
34 

845 

2.25  P.M. 

The  explanation  of  the  symbols  used  after  the  words  "Sun"  and 
"Wind  "  is  shown  on  the  bottom  of  the  computation  form.  Table  No. 
28.  The  unit  in  the  record  is  the  millimeter.  The  instrument  stations 
(not  turning  points)  are  numbered  consecutively  throughout  the  day. 
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Mr.  Hayford. 


Left-hand  page. 


TABLE 

Computation  of 
Line:  Somerset,  Ky.,  to  Knoxville,  Tenn. 


B.  Ms. 

H 

r  o 
1- 

.1 
$ 

rr. 

'o 
6 
!2; 

01 

U   CO 

o 

Mean  Rod  Read- 
ings. 

2  B 

Meters. 

2  F 
Meters. 

S2" 

mm. 

mm. 

65-66 

F. 

9 

3  669 

1.279 

--  5 

10.6532 

19.0087 

—  8.3555 

37 

B. 

7 

3  675 

--  9 

15.1650 

6.8087 

-1-  8.3.563 

26 

66-67 

F. 

8 

3  738 

1.303 

--12 

17.6667 

10.4370 

+  7.2297 

32 

B. 

7 

3  739 

—23 

7.8223 

15.0.5.57 

—  7.2314 

33 

67-68 

F. 

13 

4  198 

1.464 

+  4 

15.5276 

31.8222 

-16.2946 

33 

B. 

8 

4  206 

-24 

21.5534 

5.2587 

4-16.2937 

28 

68-G 

F. 

5 

1  697 

.590 

+  7 

3.9339 

11.8957 

-  7.9618 

35 

B. 

6 

1  691 

—  5 

12.5587 

4.5979 

4-  7.9608 
-^33.6819 

31 

G-69 

F. 

11 

5  126 

1.785 

—  2 

28.4990 

5.8171 

30 

B. 

11 

5  120 

4-14 

6.3550 

39.0.368 

—22.6818 

27 

69-70 

F. 

13 

4  589 

1.602 

—23 

17.7855 

33.7719 

—  4.9864 

32 

B. 

9 

4  607 

—  9 

17.5312 

12.5410 

-i-  4.9902 

22 

70-71 

F. 

10 

5  000 

1.740 

+  6 

6.9.331 

37.1772 

-30.2441 

25 

B. 

10 

4  987 

-  5 

26.9183 

6.6730 

-f  20. 2463 

24 

71-72 

F. 

10 

4  0T6 

1.420 

--  2 

■  10.5955 

26.0830 

—15.4875 

33 

B. 

8 

4  ora 

+  3 

21.0375 

5.5510 

-f  15. 4865 

26 

Abbreviations:  S.  =  stmshine;  C.=cloudy;  S.  &  C.=alternate  sunshine  and  clouds, 
or  alternate  sunsliine  and  siiade. 

Abbreviations,  strength  of  wind:   S.=strong;   M.=moderate;  C.=calm. 

A  rod  once  placed  at  a  jjoint  stays  there,  both  for  the  fore  sight  and 
back  sight,  the  rodman  thus  being  front  and  rear  rodman  alternately. 
To  carry  out  the  requirement  of  the  general  directions  that  at  stations 
of  odd  numbers  the  back  sight  is  to  be  taken  before  the  fore  sight,  and 
at  even  stations  the  fore  sight  is  to  betaken  first,  it  is  only  necessary  to 
remember  that  this  is  equivalent  to  the  statement  that  one  particular 
rodman  must  always  show  his  rod  first  after  each  placing  of  the  instru- 
ment. The  position  of  the  rod  is  indicated  in  the  record  on  the  fore 
sight  only.  The  temperature  is  read  by  the  rear  rodman  just  before 
he  moves  forward  and  is  called  out  to  the  recorder  when  the  rodman 
passes. 

The  columns  headed  "Thread  interval"  show  the  intervals 
between  the  lower  and  middle  threads  as  seen  projected  on  the 
rod,  and  the  middle  and  the  upper,  and  finally  the  total  interval. 
The  columns  headed  "Sum  of  Intervals  "  show  the  continuous  sum  of 
the  total  intervals,  and,  as  these  values  are  proportional  to  the  sums 
of  the  back-sight  distances  and  fore-sight  distances,  respectively,  they 
enable  the  observer  to  keejD  these  two  sums  nearly  equal  at  all  times. 

Such  portions  of  the  computation  as  are  shown  in  the  tables  as 
forming  a  part  of  the  record,  are  kept  up  by  the  recorder  as  the  work 
progresses.     The  instrument  is  not  moved  forward  from  any  station 
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No.  28. 

Peecise  Levels. 

Observer,  W.  H.  B.  Year,  1900. 


Mr.  Hayford, 


Right-hand  page. 


Corrections. 

Difference  op 
Elevation. 

m  . 

o 

a 

0) 

a) 

> 

5 

s 

u 

1 

1 
o 
o 

o 

a 

'% 
sd 

CO 

■6 

3 

111 

5    £ 

% 

o 
a  ^ 

£ 
3    . 

0) 
EH 

01 

9  ">" 

■a 

ai 

S 

03 
ft 

mm. 

mm. 

mm. 
-2.3 
-K2.3 

+2.0 
-2.0 
^.6 
+4.6 

mm. 

— 1.2 
+0.8 
4-0.9 
—0.6 
—2.1 
-1-19 

—  8.3590 
+  8.3596 
4-  7.2327 

—  7.2:M1 
—16.3013 
+16.3004 

—  7.9650 
--  7.9640 
--22.6909 
—22.6906 

—  4.9882 
+  4.9920 
-20.2518 
+20.2540 
—15.4937 
+15.4924 

—  8.3593 

mm. 
—0.6 

L. 

S. 
C. 

c. 

c. 
s.  &c. 

c. 

c. 

c. 
s.  &c. 

c. 

c. 

c. 

c. 

c. 

s. 

c. 

c. 
c. 
c. 
c. 
c. 
c. 
s. 
c. 

M.  S. 
F.  M. 

c. 
c. 
c. 
c. 
c. 
c. 

8/28-  9.15 
8/29-  9.00 
8/29-11.05 
8/29-  7.45 

+0.1 

"+6!i 

-fO.l 
+0.1 
-0.2 

+  7.2334 

+1.4 

—16.3008 

+0.9 

T. 

8/29-  1  30 

4-0.1 

-j-0.1 

8/28-  5.00 

-2.2,  -^i.l 
-f-2.2;  +1.0 
4-6.4'  +2.6 
—6.4    —2  4 

—  7.9645 

+1.0 

8/29-  2.15 
8/31-  9  00 

+22.6908 

—0.3 

R. 

8/29-  3.15 
8/31-  8  30 

+0.1 

-0.1 

—1.4 
-t-1.4 
—5.7 
+5.7 
—4.3 
-f4.3 

—0.4 
+0.4 
—2.0 

—1.9 
+1.6 

—  4.9901 

—3.8 

.... 

8/30-  7.15 
8/30-  4  30 

-20.2529 

—2.2 

8/30-  8.15 
8/30-  3.30 

+6.1 

—15.4930 

+1.3 

L. 

8/30-  9.15 
8/30-  2.40 

1 

Abbreviations,  direction  of  progress  relatively  to  sun.    p  >  =  within  45='  of  directly 

I  ^om'^  }  ^"°-    Fr  1  =  {  f  ron/^^  !  ^^°'  ^^^  '^*  ^^  ^^^^^  °^  ™°''®  *^^°  *'^°  '*^'***^  ^'^^  *° 
right.      f^  \  —  ditto    with    sun    to    left.      f   {  =  sun  to  |  [gf^*  \  and  nearly  at    right 


Ij;  [  =  ditto    with    sun    to    left.      ^ 

angles  to  line.    The  same  abbreviations  also  apply  with  reference  to  the  direction  of  pro 
gress  relatively  to  the  wind. 


until  the  recorder  announces  that  the  readings  at  that  station  check 
properly.  The  recorder  uses,  as  a  short  method  of  computing  the 
mean  of  the  three  thread  readings,  the  fact  that  the  difference  of  the 
upper  and  lower  intervals  divided  by  three  is  the  correction  to  be 
applied  with  the  proper  sign  to  the  middle  thread  reading  to  give  the 
mean  of  the  three. 

A  party  which  has  just  returned  from  the  field  after  having  com- 
pleted nearly  120  miles  of  single  line  per  month  for  over  five  months 
has  turned  in  record  books  in  the  form  indicated  above,  in  which 
every  value  has  been  checked  by  applying  the  same  process  as  used 
by  the  recorder.  In  addition  to  this  the  sums  of  the  mean  rod  read- 
ings at  the  bottom  of  each  page  have  been  checked  by  adding  the 
second  column  of  each  page  and  dividing  by  three,  so  that  these  sums 
have  been  derived  three  times,  and  by  two  independent  processes,  and 
two  or  three  different  men. 

But  little  explanation  is  needed  in  connection  with  the  comijutation 
form,  Table  No.  28.  The  forward  line  from  B.  M.  68  to  B.  M.  G,  on 
this  form,  is  that  for  which  the  record  is  given. 
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Mr.  Hayford.  TABLE 

Absteact  of  Spirit - 
State,  Tennessee.     Instrument,  Level  No.  8.     Kods,  Fand  W. 


Distance 

in 

kilometers. 

Difference  of  Elevation. 

Discrepancy. 

Date. 

From 
B.M.toB.M. 

Forward 
line. 

Backward 
line. 

Mean. 

Partial. 

Total 
accumu- 
lated. 

m. 

m. 

m. 

mm. 

mm. 

Aug.  28-29 

65-66 

1.279 

—  8.3590 

+  8.3596 

—  8.3593 

—0.6 

--47.1 

"     29 

66-67 

1.302 

+  7.2H27 

—  7.2341 

+  7  2334 

+1.4 

—48.5 

"     28-29 

67-68 

1.464 

—16.3013 

+16.3004 
-1-  7.9640 

—16.3008 

+0.9 

r49.4 

"     29-31 

68-G 

0.590 

—  7.9650 

—  7.9645 

+1.0 

-50.4 

"     29-31 

G-69 

1.785 

+22.6909 

—22.6906 

+22.6908 

—0.3 

-50.1 

"     30 

69-70 

1.302 

—  4.9882 

+  4.9920 

—  4.9901 

-3.8 

+46.3 

"     30 

70-71 

1.740 

—20.2518 

+20.2540 
-1-15.4924 

—20.2529 

-2.2 

- 

-44.1 

"     30 

71-72 

1.420 

-15.4987 

—15.4930 

+1.3 

-H5.4 

The  fifth  column  on  the  left-hand  page  is  derived  from  the  fourth 
by  using  the  sufficiently  exact  relation  that  287  mm.  subtended  on  the 
rod  corres^Donds  to  100  m.  along  the  line,  regardless  of  the  lengths 
of  the  separate  sights,  the  quantity  c  -f-/  on  page  811  of  the  paper 
being  ignored  in  both  the  determination  of  the  stadia  constant  and 
its  use. 

The  corrections  for  curvature  and  refraction  shown  in  the  first  col- 
umn of  the  right-hand  pa.ge  are  those  due  to  the  differences  of  corre- 
sijonding  fore  sights  and  back  sights,  no  correction  being  necessary 
when  the  corresj^onding  sights  are  exactly  equal.  The  correction  only 
becomes  appreciable  occasionally,  and  may  be  applied  very  quickly  by 
the  use  of  properly  prepared  tables  and  a  rapid  inspection  of  the  rec- 
ord books.  It  seldom  exceeds  0.1  mm.  under  actual  conditions.  It  is 
important  to  note  that  this  is  in  the  main  a  correction  for  curvature,  a 
quantity  which  is  not  uncertain,  the  uncertain  refraction  being  upon 
an  average  about  one-eighth  as  great  as  the  curvature. 

The  level  correction  shown  in  the  second  column  of  the  right-hand 
page  is  equal  to  the  constant  C  (defined  in  the  general  directions  for 
leveling)  times  the  value  in  the  sixth  column  of  the  left-hand  page. 
This  correction  will  very  seldom  exceed  0.3  mm.  under  actual  condi- 
tions, and  will  be  sensibly  zero  for  most  sections. 

The  third  column  gives  the  correction  due  to  the  excess  of  length  of 
the  rod  at  zero  degrees,  this  particular  rod  being  0.28  mm.  too  long  on 
each  meter.  The  examinations  of  the  rods  made  at  the  office  show  that 
the  error  of  graduation  is,  with  sufficient  accuracy,  proportional  to  the 
distance  along  the  rod.  The  next  column  gives  the  correction  due  to 
the  exi^ansion  of  the  rod  from  zero  to  the  temperature  of  observation, 
computed  with  the  known  coefficient  of  expansion  of  the  rods,  namely. 
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No.  29.  M""-  HayfordL 

Level  Results. 

Observer,  W.  H.  B.     Computer,  W.  H.  B. 


No.  of  B.  M. 

Distance  from 
B.  M.  No.  1. 

Elevation  above. 

Locality. 

km. 

m. 

66 

110.585 

423.8843 

67 

111.887 

431.1176 

68 

113.351 

414.Sl(j8 

G 

113.941 

40fi.8523 

Stone  post  at  Sunbright,  Tena. 

69 

115.730 

429.5431 

70 

117.332 

424.5530 

71 

119.072 

404.3001 

72 

120.492 

388.8071 

0.000004  per  degree  Centigrade.  The  sum  of  the  quantities  in  the  third 
and  fourth  columns  in  any  line  gives  the  correction  due  to  the  excess 
of  length  of  the  rod  at  the  temperature  of  observation.  For  these  par- 
ticular rods,  which  are  long,  even  at  zero,  the  correction  in  each  of 
these  columns  will  always  have  the  same  sign  as  the  measured  differ- 
ence of  elevation. 

The  last  lour  columns  on  this  form  are  for  use  whenever  special 
studies  are  to  be  mads  to  determine  if  possible  the  sources  of  the  jjrin- 
•cipal  errors  of  leveling.  It  is  in  order  to  note  in  the  last  column  that 
the  time  of  the  backward  and  forward  runnings  of  any  section  have  no 
fixed  relation  to  each  other.  The  two  runnings  are  sometimes  made 
on  the  same  day.  sometimes  on  different  days,  and  in  some  instances 
they  both  occur  in  the  forenoon,  at  other  times  both  in  the  afternoon, 
and  frequently  they  occur  in  opposite  halves  of  the  day.  Any  long 
portion  of  the  line  will  show  corresponding  forward  and  back  meas- 
Tiremeuts  having  all  possible  relations  to  each  other  as  to  the  time  of 
day. 

Table  No.  29  is  an  abstract  of  results,  and  is  essentially  a  summary 
and  combination  of  the  values  derived  on  the  comiJutation  form.  The 
first  form.  Table  No.  2S,  is  discontinuous,  showing  results  from  sep- 
arate sections,  while  this  abstract.  Table  No.  29,  is  continuous,  and  is 
substantially  the  form  in  which  the  results  are  published. 

The  discrepancies  between  the  forward  and  back  lines  are  shown  in 
the  last  two  columns  of  the  left-hand  page.  The  accumulated  dis- 
crepancy up  to  Bench-mark  72  is  45  mm.  on  123  km.,  or  at  the  rate  of 
slightly  less  than  -g-  mm.  per  kilometer  of  line  run.  It  may  be  re- 
marked that  the  total  discrejjancy  had  only  increased  to  53  mm.  at  the 
end  of  the  line,  38  km.  farther  on. 
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Mr.  Hayford.  TABLE  No.  30.  -  Detebmination  of  C,  8.20  a.  m.,  August  28th,  1900. 

Left-ha  nd  page.  Right-hand  page. 


Number 

of 
station. 


Thread 

reading 

back  sight. 


1515 
1  538 
1543 

3  353 

3  357 
3  463 


0461.7 
3818.7 
Corr.  for  curv.  and  ref.    —  0.8 


Mean. 


-  1538.3 


3357.0 


Thread 
intervaL 

Rod  and 
tempera- 
ture. 

13 
14 

37 

105 
105 
310 

W 

W 

419 
53 
367 

Thread 

reading 

fore  sight . 


0  357 
0  463 
0  566 

1376 
1388 
1301 


Mean. 


0461.7 


1288.3 


1.538.3 
2816.6 
3817.9 
367)  —1.300(— 0.004=  C 


Thread 
interval . 


105 
104 
209 

13 
13 
35 


Table  No.  30  is  a  sami^le  of  the  record  and  computation  of  the  de- 
termination of  C,  the  constant  expressing  the  relation  between  the 
tangent  of  the  level  vial  at  its  middle  point  and  the  pointing  line  of 
the  telescope,  will  be  understood  without  diflSculty  by  reference  to  the 
statement  of  the  method  of  determination  of  C  in  the  general  direc- 
tions for  leveling,  and  by  noting  the  way  in  which  quantities  have 
been  transferred  from  the  right-hand  to  the  left-hand  page  and  vice 
versa.  The  correction  of  —  0.8  mm.  for  curvature  and  refraction  is 
applied  to  the  sum  of  the  two  distant  rod  readings,  the  correction  for 
either  one  being  —  0.4  mm.  The  curvature  is  not  appreciable  for  the 
near  rod  readings. 

Contrast  of  Methods. — A  comparison  of  the  pi-esent  Coast  Survey 
method,  just  described,  with  the  author's  method,  indicated  on  pages 
866  and  871,  will  show  that  there  is  just  twice  as  much  observing  per 
station  in  the  latter  method  as  in  the  former,  the  three  lines  of  the 
reticule  being  read  against  each  of  the  rods  twice  in  the  author's 
method  and  only  once  in  the  Coast  Survey  method.  It  is  still  more 
important  to  note,  however,  that  there  is  much  less  manipulation 
required  in  the  Coast  Survey  method  than  in  the  other,  the  additional 
manipulation  in  the  author's  method  being  at  each  station  the  placing 
of  the  striding  level  in  jjosition  and  taking  it  off  again  after  observa- 
tion, reversing  the  striding  level  twice  and  reversing  the  telescoi^e 
twice  at  each  station.  It  is  the  writer's  opinion  that  the  additional 
time  spent  at  the  station  for  these  additional  observations  and  addi- 
tional manipulations  tends  to  reduce  the  accuracy  of  the  observations 
by  increasing  the  magnitude  of  all  errors  which  are  a  function  of  the 
elapsed  time  at  the  station,  the  most  jirominent  of  which  are  errors 
due  to  changes  of  temperature  in  the  instrument.  In  addition  to  this 
it  is  probably  true,  as  a  general  projDOsition,  that  the  more  an  instru- 
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nient  is  liaudleJ  during  a  set  of  observations  the  less  accurate  are  the  Mr.  Hayford. 
results  obtained. 

In  the  aiithor's  method  reliance  is  placed  upon  reversals  of  the 
telescope  and  striding  level  to  eliminate  the  instrumental  errors.  In 
the  Coast  Survey  method  reliance  is  placed  definitely  upon  the  near 
equality  of  corresponding  fore  sights  and  back  sights.  The  correc- 
tions which  result  from  the  small  measured  differences  of  correspond- 
ing sights  are  found  to  be  so  small  that  it  is  hardly  worth  while  to 
apply  them.  The  time  spent  in  apjilying  these  small  corrections  and 
in  determining  the  constant  G  each  day  in  the  field  is  probably  little 
more  than  1%  of  that  required  in  the  author's  method  for  the  thousands 
of  reversals  of  the  striding  level  and  telescope  in  the  field. 

Other  points  of  contrast  between  the  two  methods  will  be  touched 
upon  later  in  this  discussion. 

Reason  for  Change  in  Coast  and  Geodetic  Surveij  Method  of  Leveling. — 
Beginning  with  the  year  1899  the  Coast  and  Geodetic  Survey  has  used 
a  radically  different  method  of  leveling  from  that  which  had  previously 
been  followed  in  that  organization  for  raany  years.  It  is  important, 
therefore,  that  the  reasons  for  this  radical  change  should  be  made 
known. 

The  old  method  of  observation*  fulfilled  the  author's  doctrine  that 
the  method  of  leveling  "becomes  more comislicated  and  requires  more 
painstaking  in  proportion  to  the  accuracy  required  "  (page  784),  and 
that  "  The  most  reliable  results  in  precise  leveling  are  undoubtedly 
to  be  obtained  by  careful  and  systematic  observations  designed  to 
prevent  and  eliminate  errors  directly  in  the  observations."  The 
method  involved  the  use  of  a  target  I'od,  and  in  that  respect  was  radi- 
cally different  from  the  author's  method,  but  it  closely  resembled  it 
in  that  both  the  striding  level  and  the  telescope  were  reversed  during 
the  readings  uijon  each  rod  at  each  station.  The  amount  of  observing 
at  each  station  exceeded  considerably  that  necessary  in  the  author's 
method.  In  fact,  the  method  advocated  by  the  author  may  be  said  to 
be  a  mean  in  degree  of  comj^lication  and  the  number  of  readings 
required  at  each  station  between  the  old  C.  &  G.  S.  method  and  the 
present  C.  &  G.  S.  method. 

As  the  number  of  connections  of  the  level  lines  run  by  the  old  C.  & 
G.  Si  method  with  tidal  determinations,  with  other  level  lines  of  the 
same  kind,  and  with  level  lines  run  by  other  organizations,  increased, 
it  became  more  and  more  evident  that  the  real  accuracy  of  such  level- 
ing had  been  greatly  overestimated;  and  that  the  internal  evidence 
of  the  observations  furnished  by  the  agreement  of  the  two  or  more 
runnings  of  the  same  section  with  each  other  was  an  entirely  fallacious 
indication  of  the  accuracy.      In  1898  so  much  evidence  of  this  kind 

*  This  method  is  described  in  Appendix  No.  15  of  the  C.  &  G.  S.  Rep.  for  1879.  pp.  303- 
211,  and  again  in  Appendix  No.  8  of  the  C.  &  G.  S.  Rep.  for  1898-99,  pp.  410-418. 
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Mr.  Hayford.  had  accumulated  that  there  could  be  no  doubt  of  the  desirability  of  a 
special  investigation  to  determine  where  the  difficulty  lay. 

On  November  29th,  1893,  the  Superintendent  of  the  Coast  and 
Oeodetic  Survey  apjjointed  a  committee  of  four*  to  consider  the  sub- 
ject of  precise  levels  and  in  particular  to  investigate  "  The  accuracy 
of  various  methods,  their  relative  freedom  from  systematic  errors,  and 
their  relative  quickness,  cheapness  and  facility  of  reduction  of  the 
observations."  This  committee  met  for  three  or  four  hours  on  nearly 
every  working  day  from  that  date  until  their  report  was  submitted  on 
February  9th,  1899.  All  the  results  of  precise  leveling  published  up 
to  that  date  in  the  United  States  were  examined,  as  well  as  much  of 
the  general  American  literature  on  the  subject  of  precise  leveling,  and 
some  of  the  principal  European  publications  on  the  same  subject. 
For  their  conveaience  all  the  levels  illustrated  in  the  author's  paper 
were  brought  to  Washington  for  direct  examination.  As  a  result  of 
this  extensive  study  of  the  facts  in  the  form  of  jjublished  results  and 
of  the  various  oi^inions  of  iudividuals  expressed  in  the  literature 
examined,  and  of  direct  examination  of  the  instraments  advocated  by 
various  i^arties,  the  committee  made  almost  unanimous  recommenda- 
tions which  led  to  the  abandonment  of  the  old  method  of  leveling  and 
the  modification  of  the  instrument  itself.  Two  of  the  main  conclu- 
sions reached  by  the  committee  and  upon  which  their  recommenda- 
tions were  based  were  that  the  princijial  errors  in  the  old  Coast  and 
■Geodetic  Survey  leveling  were  systematic  temperature  errors  follow- 
ing a  certain  law,  which  is  stated  more  fully  further  on,  and  that  the 
leveling  by  the  Corps  of  Engineers  with  Kern  instruments  and  a  very 
simple  method  of  observation  was  of  at  least  as  high  a  degree  of 
accuracy  as  that  of  the  C.  &  G.  S.,  using  a  much  more  complicated 
and  laborious  method  of  observation  and  computation. 

Adjustment  of  the  Precise  Level  Net. — It  fell  to  the  lot  of  the  writer, 
as  a  part  of  his  regular  duties,  dtiring  the  first  half  of  the  present 
year,  to  direct  the  compilation  of  the  results  of  precise  leveling  in  the 
eastern  half  of  the  United  States,  and  the  adjustment  of  the  compli- 
cated net-work  formed  by  such  lines.  In  the  course  of  the  work  of 
compilation  some  new  information  became  available  in  addition  to 
what  the  committee  had  used.  Before  making  the  final  adjustment 
of  the  net  it  was  necessary  to  review  carefully  the  work  of  the  com- 
mittee, to  re-examine  the  evidence  which  they  had  considered,  and  to 
sttidy  the  new  evidence  and  test  the  conclusions  of  the  committee  in 
■every  possible  way.  It  was  of  the  highest  importance  in  making  the 
adjustment  that  the  relative  accuracy  of  the  different  kinds  of  leveling 
should  be  ascertained,  and  that  the  systematic  errors  of  each  kind  of 
leveling  should  be  specially  investigated.  The  investigation  thus 
made  as  a  preliminary  to  the  adjustment  of  the  level  net  confirmed  the 

*  John  F.  Hayford,  Isaac  Winston,  J.  J.  Gilbert  an  1  A.  L.  Bal:hvin. 


Papers.]  DISCUSSION    ON"    PRECISE    SPIRIT    LEVELING.  11.33 

committee's  conclusion  fully  in  regard  to  the  systematic  temperature  Mr.  Hayford. 
■error  affecting  the  old  C.  &  G.  S.  leveling,  and  showed  incidentally 
that  the  work  done  by  the  Corps  of  Engineers  was  of  a  very  much 
higher  degree  of  accuracy  than  the  old  work  done  by  the  Coast  and 
Geodetic  Survey.  It  thus  furnished  new  evidence  that  the  recom- 
mendations of  the  committee  in  regard  to  change  of  method  and 
instrument  were  correct.  At  the  time  the  adjustment  was  made  three 
parties  had  already  completed  a  season's  work  with  the  modified  level 
and  the  new  method  and  these  results  were  also  available. 

The  net-work  of  j^recise  leveling  resulting  from  the  compilation, 
and  which  was  adjusted,  is  shown  in  Plate  XL VII.  The  line  symbols 
indicate  the  organization  which  did  the  work  and  in  a  general  way  the 
kind  of  leveling  involved.  The  figures  inside  each  circuit  show  the 
closing  error  of  the  circuit  and  the  circumference  of  the  circuit  not 
including  water  leveling  along  tidal  waters.  A  plus  value  for  the 
closing  error  of  the  circuit  indicates  that  the  elevation,  carried  contin- 
uously around  the  circuit  in  a  counter-clock-wise  direction,  is  too  great 
at  the  closing  point.  The  approximate  closing  error,  expressed  in 
millimeters  Y>er  kilometer,  can  be  obtained  at  a  glance  by  dividing  the 
ujjper  value  in  each  circuit  by  the  lower. 

No  argument  is  needed  to  show  that  to  secure  the  highest  possible 
degree  of  accuracy  in  the  elevations  assigned  to  the  4  000  bench-marks 
connected  with  this  net  it  must  be  treated  as  a  whole,  and  not  as  an 
aggregation  of  separate  lines,  as  it  has  been  in  the  past.  It  is  evident 
that  the  errors  of  closure  should  be  distributed  so  as  to  make 
all  the  closures  disappear  and  make  all  lines  agree  at  junction  points. 
The  best  method  to  be  used  in  making  siich  an  adjustment  is  not  self- 
evident.  It  is  a  matter  of  judgment  rather  than  of  fact.  After  an 
exhaustive  study  of  the  matter  it  was  decided  to  use  the  least  square 
process  of  adjustment  but  to  supplement  it  and  check  the  assumptions 
upon  which  it  is  based  as  frequently  as  possible  by  other  methods  of 
investigation. 

In  the  Coast  and  Geodetic  Survey  Eeport  for  1898-99  is  given  a  full 
statement  of  the  comjiiled  facts  and  such  a  full  statement  of  the 
processes  of  adjustment  as  will  enable  any  engineer  to  judge  for  him- 
self as  to  the  trustworthiness  of  the  results.  This  will  be  of  especial 
value  to  the  engineer  who  is  interested  in  precise  leveling,  as  such. 
For  the  engineer  who  is  interested  in  the  results  rather  than  the 
processes  there  is  also  given  a  comiDlete  list  of  the  adjusted  elevations 
of  more  than  four  thousand  permanent  bench-marks  connected  with 
the  level  net  and  also  a  list  of  such  short  descriptions  of  these  bench- 
marks as  will  enable  the  engineer  to  find  them.  These  two  lists  are 
for  convenience  provided  with  an  alphabetical  index.  This  appendix* 
was  at  the  date  of  writing  (Oct.  29th,  1900)  in  the  hands  of  the  printer, 

*  No.  8  of  the  Report  for  1898-99,  p.  347  et  seq. 
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Mr.  Hayford.  and  it  was  expected  that  it  would  be  ready  for  distribution  in  Novem- 
ber, 1909.  Any  interested  engineer  may  obtain  a  copy  by  writing  to 
the  Superintendent  of  the  Coast  and  Geodetic  Survey,  Washington, 
D.  C. 

The  Temperature  Error  in  the  Old  Coast  and  Geodetic  Survey  Leveling. 
— The  character  and  amount  of  the  temperature  error  discovered  in 
the  old  C.  &  G.  S.  leveling  is  of  special  interest  in  this  discussion 
because  the  author  concedes  that  the  errors  due  to  temperature  and 
atmospheric  conditions  are  among  the  most  dangerous  errors  to  be 
encountered  in  precise  leveling  (pages  812,  843  and  893)  and  because 
his  method  and  instrument  seem  to  leave  the  way  open  to  such  errors. 

The  committee  report,  confirmed  by  later  investigation,  indicates 
that  a  horizontal  surface,  as  defined  by  C.  &  G.  S.  leveling  previous  to 
1899,  is  always  tipi)ed  wp  with  reference  to  the  true  horizontal  surface, 
the  rotation  being  about  a  line  12-  north  of  west  or  south  of  east  and 
the  inclination  being  such  that  the  southwestern  part  of  the  surface  is 
too  low  and  the  northeastern  part  of  the  surface  too  high,  regardless 
of  the  direction  in  which  the  leveling  actually  progressed.  According 
to  this  law  a  C.  &  G.  S.  level  line  running  in  a  direction  about  12°  east 
of  north  will  give  elevations  which  run  too  low  at  a  maximum  rate; 
a  line  in  the  opposite  direction  will  run  too  high  at  a  maximum  rate; 
and  in  the  two  directions  at  right  angles,  namely,  12°  north  of  west 
and  12°  south  of  .east  a  line  will  not  be  subject  to  a  systematic  tend- 
ency to  run  either  too  high  or  too  low.  It  may  be  well  to  note  here 
that  an  error  of  this  form  will  not  be  detected  by  re-running  the  line  in 
the  opjjosite  direction,  for  if  the  forward  line  runs  too  high  in  going 
southwestward,  say,  the  backwai'd  line  running  to  the  northeastward 
will  run  low  by  the  same  amount,  and  the  two  lines  will  show  no  diver- 
gence. 

The  proofs  for  this  law,  brought  forward  by  the  committee,  did  not 
involve  any  use  of  the  principles  of  least  squares.  They  were  based 
simply  upon  the  discrepancies  developed  when  lines  were  run  between 
tide  gauges  or  between  points  connected  independently  by  other  lines 
of  levels  run  by  some  other  method.  The  main  reliance  was  of  course 
placed  upon  the  first  line  of  evidence. 

Several  preliminary  adjustments  of  the  precise  level  net  were  made 
before  a  final  adjustment  was  attempted.  These  preliminai-y  adjust- 
ments showed  that  the  C  &  G.  S.  lines  persistently  needed  corrections 
in  accordance  with  the  law  of  error  stated  above.  The  same  tests 
were  also  ajaplied  by  the  committee,  and  again  in  the  j^reliminary  ad- 
justments, to  the  leveling  by  the  Corps  of  Engineers,  and  in  every  case 
indicated  that  there  was  no  appreciable  systematic  error  in  the  Engi- 
neer Corps  leveling  corresponding  to  that  in  the  C.  &  G.  S.  leveling. 

It  might  be  contended  that  the  evidence  thus  furnished  by  the  pre- 
liminary adjustment  was  not  valid,  as  it  involved  the  assumption  that 
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the  Gulf  of  Mexico  is  at  the  same  elevation  as  the  Atlantic,  whereas  it  Mr.  llayford. 
has  been  claimed  that  it  is  considerably  above.  It  is  desirable,  there- 
fore, to  obtain  some  check  on  the  reality  of  the  systematic  error  which 
is  independent  of  any  such  assumption.  In  the  level  net  shown  on 
Plate  XLVII  there  are  eighteen  circuits,  of  which  the  C.  &  G.  S.  level- 
ing previous  to  1899  form  a  part  only,  the  remainder  being  either  spirit 
leveling  of  some  other  kind  or  water  levels.  Only  one  of  these  circuits, 
namely,  that  given  by  the  level  lines  from  St.  Augustine  to  Cedar 
Keys,  Fla.,  and  the  water  levels  from  Cedar  Keys  to  St.  Augustine 
through  the  Straits  of  Florida,  has  a  closing  error  which  is  affected  by 
the  assumption  as  to  the  relative  elevation  of  the  Gulf  and  the 
Atlantic.  The  remaining  seventeen  closures  are  independent  of  any 
such  assumption.  Of  these  seventeen,  fourteen  have  closing  errors  of 
the  sign  which  would  be  accounted  for  by  assuming  that  the  closing 
error  in  each  case  is  due  entirely  to  the  above  systematic  error  in  the 
portion  of  the  circuit  run  by  the  C.  &  G.  S.  jjrevioiis  to  1899.  An  ad- 
ditional circuit  has  since  been  closed  which  also  agrees  with  the  four- 
teen, making  in  all  fifteen  cases  out  of  eighteen.  For  example,  in  the 
circuit,  Cairo — Odin — St.  Louis — Cairo,  the  eastern  and  northern  sides 
of  the  circuit  were  run  by  the  C.  &  G.  S.  According  to  the  law  of  tlie 
supposed  systematic  error  the  line  from  Cairo  to  St.  Louis,  via  Odin, 
should  run  considerably  low,  causing  the  closing  error  of  the  circuit 
to  be  negative.  The  actiial  closing  error  is  —227  mm.  and  the  circum- 
ference of  the  circuit  570  km. 

The  reality  of  the  supposed  law  of  systematic  error  having  been 
satisfactorily  established  by  a  purely  inductive  method,  without  refer- 
ence to  any  theory  as  to  its  cause,  the  next  step  in  making  the  adjust- 
ment of  the  level  net  was  to  derive  a  numerical  expression  for  the 
error  and  to  apply  the  proper  corrections  to  the  various  lines.  It  was 
found  that  the  correction  to  the  elevations  on  a  line  running  12°  west 
of  south  was  — 1.25  mm.  per  kilometer,  and  that  it  was  -{-1.25  mm.  per 
kilometer  in  the  opposite  direction.  For  a  line  running  in  any  other 
direction  the  correction  required  is  proportional  to  the  cosine  of  the 
angle  between  the  line  and  the  direction  stated  above.  This  maximum 
correction  of  1.25  mm.  per  kilometer  corresj^onds  to  a  vertical  angle  of 
only  0.33  of  a  second  of  arc,  less  than  one-sixth  of  a  division  on  the 
level  vials  ordinarily  used,  one  division  being  from  2  to  3  seconds. 
The  minuteness  of  this  correction  should  be  kept  in  mind  when  con- 
sidering the  possible  explanation  given  below. 

It  will  probably  be  conceded,  by  all  who  are  familiar  with  instru- 
ments of  precision,  and  with  the  particular  instruments  herein  de- 
scribed and  the  conditions  under  which  they  are  used  in  the  field,  that 
unequal  though  small  changes  of  temperature  are  continually  taking 
place  in  different  parts  of  the  leveling  instrument  while  in  use;  that 
these    unequal    changes   of    temperature    produce    continual    small 
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Mr.  Hayford.  changes  in  the  relative  positions  of  the  different  parts  of  the  instru- 
ment; that  all  portions  of  the  instrument  on  the  side  from  which 
the  greatest  amounts  of  heat  are  being  received  tend  to  assume 
higher  temperatures  than  those  on  the  opposite  side,  and  that  in  gen- 
eral the  instrument  receives  more  heat  from  the  side  toward  the  sun 
at  any  given  time  than  from  other  directions,  even  though  the  imme- 
diate source  of  heat  is  not  the  sun  (from  the  direct  rays  of  which  the 
instrument  is  always  protected),  but  the  inner  surface  of  the  tent  or 
umbrella,  the  surrounding  ground,  etc.  Changes  of  the  kind  just 
outlined  occurring  in  parts  of  the  instrument  which  are  below  the  line 
of  collimation  of  the  telescope  can  be  shown  to  have  but  little  influ- 
ence upon  the  final  results,  since  they  affect  both  the  line  of  collima- 
tion and  the  level  vial  alike,  and  may  be  considered  as  simj^ly  influ- 
encing the  stability  of  the  instrument. 

On  the  contrary,  similar  changes  taking  jDlace  above  the  line  of 
collimation  of  the  telescope  can  be  shown  to  have  marked  system- 
atic and  cumulative  efl'ects. 

One  efi"ect  of  unequal  changes  of  temi^erature  occurring  above  the 
line  of  collimation  is  to  change  the  angle  between  the  tangent  to  the 
level  vial  at  its  middle  point  and  the  line  of  collimation.  As  soon  as 
the  telescope  and  striding  level  are  placed  in  a  given  position  the 
parts  which  are  toward  the  source  of  heat  (the  sun)  tend  to  assume  a 
higher  temperature  than  the  opposite  parts,  and  the  efiect  of  the 
unequal  expansion  of  the  collars  of  the  telescope  and  of  the  legs  of  the 
striding  level,  and  of  distortion  of  the  vial  itself,  is  to  cause  the 
bubble  to  crawl  slowly  toward  the  source  of  heat.  Thus  the  bubble 
always  tends  to  be  nearer  the  sun  than  it  would  be  if  all  parts  of  the 
instrument  were  always  at  the  same  temperature.  The  ultimate  effect 
of  this  is  to  make  the  corrected  rod  reading  too  small  when  taken  upon, 
rods  toward  the  sun  from  the  instrument,  and  to  make  readings  taken. 
uiJon  rods  away  from  the  sun  too  large.  These  errors  combine  in  their 
effect  upon  the  computed  elevations,  and  tend  to  make  the  elevations 
carried  toward  the  sun  too  great,  and  vice  versa. 

It  may  be  remarked  in  passing  that  this  explanation  also  applies  to 
the  author's  method  of  leveling.  If  the  bubble  tends  to  crawl  toward 
the  sun  on  account  of  expansion  of  the  sun-ward  end  of  the  striding 
level  and  of  the  sun-ward  collar,  and  on  account  of  direct  distortion  of 
the  level  vial,  and  is  held  back  from  such  movement  by  use  of  the 
micrometer  screw  when  taking  readings  on  a  rod  toward  the  sun,  the 
rod  reading  is  necessarily  too  small,  the  line  of  sight  having  been 
inclined  downward  by  the  act  of  holding  back  the  bubble.  The 
reverse  will  be  true  in  reading  upon  a  rod  away  from  the  sun.  These 
errors  will  combine  as  indicated  above  and  make  all  elevations  carried 
toward  the  sun  too  great,  and  vice  versa. 

Is  this  explanation  quantitatively  sufficient  to  account  for  system- 
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atic  errors  which  were  found  in  the  old  C.  &  G.  S.  leveling?  Do  the  Mr.  Hayford. 
laws  corresponding  to  this  explanation  agree  with  the  actual  results 
of  the  leveling?  As  to  the  first  question  it  may  be  stated  that  the 
changes  of  temperature  required  are  exceedingly  small,  differences  of 
less  than  0.1"  Cent,  between  the  two  collars  or  two  legs  of  the  striding 
level  being  sufficient  to  account  for  1  mm.  per  kilometer.  The  follow- 
ing paragraphs  are  given  in  respouee  to  the  second  question. 

During  the  progress  of  the  leveling  along  a  given  line  the  sun  is- 
steadily  changing  in  azimuth  during  each  day  and  the  temperature 
error  at  present  under  consideration  is  necessarily  undergoing  corre- 
sjjonding  changes.  The  temperature  error  remaining  in  the  final 
result  from  a  long  line  of  levels  should  be  that  corresponding  to  the 
average  direction  of  the  level  line  and  the  average  eflfective  azimuth  of 
the  sun  during  the  hours  of  observation.  This  average  efiective 
azimuth  will  be,  for  C.  &  G.  S.  work,  a  little  west  of  south,  botb 
because  the  afternoon  period  of  observation  is  upon  an  average 
slightly  longer  than  the  forenoon  jieriod  and  because  the  amount  of 
heat  reflected  from  the  ground  and  other  objects  toward  the  instru- 
ment from  the  direction  of  the  sun  will  be  much  greater  during  the 
comparatively  dry  afternoon  hours  than  during  the  moist  morning 
hours.  This  agrees  with  the  fact  stated  above  that  the  maximum  sys- 
tematic correction  occurs  on  an  average  for  a  line  12°  west  of  south  or 
east  of  north. 

These  systematic  temperature  errors  should  be  expected  to  be 
much  smaller  in  cloudy  than  in  sunny  weather;  much  smaller  on  a 
line  run  in  the  shade  of  trees  or  over  grass  than  on  a  line  unshaded 
from  the  sun  or  over  the  bare  ballast  of  the  railroad  track;  should  be 
expected  to  depend  intimately  upon  the  care  taken  to  protect  the 
instrument  from  the  sun  and  from  reflected  heat  from  surrounding- 
objects;  and  should  be  expected  to  increase  as  the  length  of  time  that 
the  instrument  stands  at  the  station  is  increased.  The  resulting  sys- 
tematic errors  on  various  lines  due  to  this  cause  will,  therefore,  be 
expected  to  vary  widely  in  magnitude. 

On  certain  of  the  lines  run  by  the  C.  &  G.  S.  previous  to  1899  the 
double  simultaneous  method  was  used.  On  these  lines  the  two  rods 
were  usually  known  as  P  and  Q.  One  of  the  double  lines  was  run 
entirely  with  the  P  rod  and  the  other  with  the  Q  rod,  and  at  each 
instrument  station  all  readings  upon  the  P  rod  were  taken  before  the 
corresponding  readings  on  the  Q  rod.  The  observations  on  the  Q  line 
wex'e,  therefore,  always  taken  later  than  those  on  the  P  line,  and  if  the 
above  theory  in  regard  to  the  temperature  errors  is  correct  it  should 
be  true  that  upon  an  average  the  Q  line  should  have  a  larger  error 
than  the  P  line,  the  differences  of  temperature  having  had  more  time 
to  accumulate  before  the  observations  were  made.  It  happens  that 
there  are  four  such  lines,  aggregating  a  total  length  of  1  000  km.,  for 
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Mr.  Hayford.  whicli  the  corrections  are  known  with  considerable  accuracy.  In  each 
of  these  cases  the  Q  line  is  farther  from  the  truth  than  the  P  line,  and 
the  errors  of  both  lines  have  the  same  sign,  in  accordance  with  the 
theory  advocated. 

If  the  Q  line  is  always  farther  from  the  truth  than  the  P  line,  the 
divergence  between  the  P  and  Q  lines  should  be  systematic  with  re- 
spect to  the  direction  of  the  line,  just  as  the  error  of  either  one  is  sys- 
tematic with  respect  to  direction,  that  is,  the  sign  of  the  discrepancy 
P — Q  should  be  jjIus  for  a  line  running  a  little  east  of  north  and  minus 
for  a  line  in  the  opposite  direction,  and  should  approach  zero  for  a 
line  running  nearly  at  right  angles.  As  a  fui'ther  test  upon  the  theory 
this  supposition  was  examined  on  all  the  available  lines  leveled  in  this 
manner,  nearly  2  400  km.  in  all,  and  57%"  showed  a  discrepancy  P — Q 
in  agreement  with  the  theory,  and  IS"^  disagreed.  The  discrepancies 
of  those  lines  which  agreed  with  the  theory  were  about  three  times  as 
large  as  those  which  disagreed. 

A  still  further  test  of  this  same  matter  of  the  relation  of  the  discrep- 
ancy P — Q  and  the  direction  of  the  line  was  made  by  examining  the 
same  lines  by  separating  them  into  sections  at  points  where  there 
were  marked  changes  in  the  general  direction,  and  comparing  the  rate 
of  divergence  of  the  P  and  Q  lines  on  each  section  with  the  rate 
of  divergence  on  the  preceding  and  following  section.  If  the  theory 
advanced  is  correct,  whenever  the  direction  of  the  line  changes  in 
such  a  way  as  to  approach  the  direction  12°  west  of  south  the  minus 
rate  of  the  divergence  between  the  two  lines  should  increase;  and  if 
the  change  of  direction  is  such  as  to  make  it  approach  12^  east  of 
north,  the  plus  rate  of  divergence  should  increase.  The  examination 
showed  that  825^0  of  the  leveling  so  examined  agreed  with  the  theory, 
and  only  18'V  disagreed. 

It  is  important  to  note  that  the  magnitude  of  this  systematic  cor- 
rection has  been  determined  by  treating  several  thousand  kilometers 
of  leveling  done  under  ordinary  conditions,  and  that  the  above  in- 
direct tests  of  the  theory  are  also  based  upon  thousands  of  kilometers 
of  such  leveling.  The  conclusions  just  stated  must,  therefore,  be 
given  heavy  weight  in  comparison  with  any  deductions  from  a  few 
experimental  observations  over  short  lines  and  covering  but  a  few  days 
or  hours. 

It  is  important  to  note  that  the  same  tests  being  applied  to  the 
leveling  by  the  Corps  of  Engineers,  in  which  a  simple  method  was 
used  involving  but  a  short  observing  period  at  each  station,  failed 
to  indicate  any  appreciable  systematic  temperature  error.  The 
author's  method  of  observing  is  intermediate  between  the  old  C.  &  G. 
S.  method  and  the  Engineer  method,  and  the  writer,  therefore, 
believes  that  his  leveling  is  j^robably  subject  to  a  systematic  tempera- 
tui'e  error  which  is  considerably  smaller  than  that  in  the  old  C.  &  G. 
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S.  leveling.     The  constrviction  of  the  instrument  used  by  him  is  also  Mr.  Hayford. 
such  as  to  warrant  the  supposition  that  a  temperature    error  of  the 
kiml  indicated  must  exist  in  the  results. 

The  reason  for  the  extraordinary  eflbrts  to  eliminate  if  possible  the 
temperature  error,  in  designing  the  new  instrument,  should  now  be 
apparent.  The  sabstitution  of  the  nickel-iron  alloy,  with  a  coefficient 
of  expansion  about  as  small  as  that  of  pine,  in  the  place  of  the  bell- 
metal  and  brass  formerly  used  in  the  construction  of  the  telescope 
and  striding  level,  the  increased  protection  of  the  level  vial  by 
countersinking  it  into  the  telescope  and  surrounding  it  by  a  dead-air 
sjjace  enclosed  by  heavy  metal  and  glass  walls,  and  the  placing  of  the 
level  vial  as  close  as  possible  to  the  line  of  collimation,  are  all  features 
designed  to  eliminate  the  tempei-ature  error  in  the  1900  instrument. 
The  notes  indicated  in  the  last  four  columns  of  the  form  shown  in 
Table  No.  28,  were  taken  for  the  express  jjurpose  of  determining 
whether  the  temperature  error  was  still  appreciable  in  the  new  level- 
ing. If  the  forward  and  backward  runnings  on  a  certain  section  of 
the  line  were  made  at  such  times  that  in  both  cases  the  direction  of 
progress  was  directly  toward  the  sun,  the  eflect  of  the  temperature 
error  being  to  make  both  lines  I'un  high  toward  the  sun,  the  discrepancy 
B  —  i^ between  the  two  runnings  would  tend  to  be  of  the  minus  sign. 
Similarly,  if  in  both  cases  the  leveling  progresses  away  from  the  sun, 
the  sign  oi  B  —  F  should  be  plus.  In  short,  if  the  temperature  error 
still  existed  it  should  be  possible  to  predict  the  sign  of  the  divergence 
of  B  —  i^for  certain  cases,  and  the  actual  signs  and  magnitudes  of  the 
discrepancy  B  —  F  might,  therefore,  be  used  to  detect  the  temperature 
error.  Such  a  test  was  applied  carefully  and  in  detail  to  each  of  the 
three  lines  run  in  1899.  It  indicated  that  even  with  the  instrument  of 
the  intermediate  tyjje  used  during  that  year  the  temperature  error,  if 
it  existed  at  all,  was  so  small  as  to  escape  detection. 

This  particular  form  of  test  was  not  available  in  connection  with 
the  old  C  &  G.  S.  leveling,  because  the  necessary  notes  as  to  time  of 
day  and  direction  of  the  line  and  weather  conditions  were  not  taken. 

Mhwr  Comments. — The  writer  agrees  completely  with  the  author  in 
regard  to  the  desirability  of  simiiltaneous  reading  of  the  rod  and 
biibble  when  it  is  desired  to  obtain  either  accurate  or  rapid  observa- 
tions (page  824).  The  writer  also  agrees  Avith  the  comment  made  on 
the  French  bubble- reading  device  (page  791)  to  the  effect  that  it  does 
not  accomplish  satisfactorily  the  primary  object  for  which  it  was 
designed,  namely,  to  enable  the  reading  of  the  bubble  and  rod  to  be 
made  simultaneously.  It  may  be  noted  that  the  reading  device  on  the 
1900  C.  &  G.  S.  level  makes  the  reading  of  the  rod  and  bubble  as 
nearly  simultaneous  as  is  possible,  it  being  so  constructed  that  the 
distance  between  the  eyepiece  of  the  telescope  and  the  eyepiece  of  the 
reading  device  is  adjustable  to  fit  the  distance  between  the  eyes  of  the 
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Mr.  Hayford.  observer  using  it;  the  focus  of  the  reading  device  is  adjustable  and  no 
movement  of  the  eyeballs  is  necessary  when  the  attention  is  changed 
from  the  rod  to  the  bubble.  In  the  opinion  of  the  writer,  the  inclined 
mirror  does  not  accomplish  the  purpose  so  well  as  the  1900  reading 
device,  for  the  reason  that  the  observer  must  change  the  direction  of 
his  line  of  sight  in  looking  from  the  image  of  the  bubble  in  the  mirror 
to  the  rod,  or  vice  versa;  that  he  is  likely  to  be  troubled  by  distracting 
images  of  surrounding  objects  in  the  inclined  mirror,  and  that  the 
observer  is  forced  to  hold  his  head  in  such  a  position  that  the  two  eyes 
are  nearly  in  the  same  vertical  plane.  He  must,  therefore,  hold  his 
head  on  one  side,  and  is  forced  to  set  up  the  instrument  several  inches 
lower  than  is  necessary  when  using  a  reading  device  which  allows  him 
to  stand  m  a  natural  erect  position. 

The  author's  point,  that  the  ordinary  Y -level  is  very  imijerfect  in 
principle  and  is  not  conducive  to  quick  work,  seems  well  taken  (pages 
787,  797).  The  plan  used  on  all  precise  levels,  of  mounting  the  tele- 
scope in  such  a  way  that  it  is  controlled  by  a  micrometer  screw  under 
the  eye  end,  is  conducive  to  rapid  work,  and  may  be  introduced  to 
advantage  on  ordinary  instruments.  The  same  statement  is  true  of  the 
various  devices  for  reading  the  bubble  without  moving  away  from  the 
eye  end  of  the  telescope.  The  use  of  a  direct-reading  rod  or  "  sjieak- 
ing  rod  "  in  the  place  of  a  target  rod  is  also  conducive  to  rapidity. 
The  writer  believes  that  any  class  of  leveling  can  be  done  more  rapidly 
with  the  C.  &  G.  S.  1900  level,  or  an  instrument  of  the  same  tyjje 
provided  with  a  less  sensitive  vial  for  rough  work,  and  by  using  direct- 
reading  rods,  than  can  be  done  with  the  ordinary  Y^l'^'^el  and  target 
rod.  The  observer  will  usually  read  the  three  lines  against  the  rod 
much  more  quickly  than  he  can  indicate  to  a  rodman  the  point  at 
which  the  target  must  be  placed  to  obtain  the  same  accuracy.  The 
manipulations  of  the  instrument  can  certainly  be  made  more  rajaidly. 
In  support  of  this  opinion,  attention  is  called  to  the  statements  of  the 
actual  performances  of  the  1899  and  1900  C.  &  G.  S.  levels  given 
under  the  heading  "  Speed  and  Accuracy  of  Coast  and  Geodetic  Survey 
Leveling,  1899-1900."     Page  1156. 

The  author  considers  the  fact  that  the  horizontal  axis  in  the  Men- 
denhall  instrument,  about  which  the  telescoi^e  rotates  under  the 
action  of  the  micrometer  screw,  intersects  the  vertical  axis  of  the 
instrument,  an  advantage,  and  implies  (pages  789,  790  and  794)  that 
when  the  horizontal  axis  is  not  so  located  there  are  ajipreciable  changes 
in  the  height  of  instriiment  between  corresponding  fore  sights  and  back 
sights  on  account  of  the  re-leveling.  This  argument  against  placing 
the  horizontal  axis  in  the  usual  position  has  frequently  been  advanced 
by  others.  Is  it  a  valid  argument?  The  practice  among  C.  &  G.  S. 
observers  is  to  notice  at  the  beginning  of  the  day's  work  the  reading 
of  the  micrometer  head  lor  which  the  telescope  is  at  right  angles  to  the 
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vertical  axis;  iu  other  words,  such  a  reading  for  the  micrometer  that  Mr.  Hayford. 
the  bubble  of  the  level  will  remain  in  a  fixed  position  when  the  instru- 
ment is  reversed  in  azimuth  after  being  accurately  leveled  up.  After 
once  getting  this  reading  in  mind,  and  it  will  ordinarily  remain 
constant  within  two  or  three  divisions  of  the  micrometer  all  day  long, 
he  places  the  micrometer  at  that  reading  when  the  instrument  is  set 
up  and  then  finds  that  when  the  change  is  made  from  the  back  sight 
to  the  fore  sight,  or  vice  versa,  that  the  reading  of  the  micrometer  head 
needs  to  be  changed  by  something  less  than  ten  divisions  and  often 
not  more  than  two  or  three.  If  the  total  change  is  even  as  great 
as  eleven  divisions,  corresjjonding  to  about  30  seconds  of  arc,  the 
height  of  the  instrument  is  changed  by  about  one-seven-thousandth  of 
the  distance  from  the  vertical  axis  to  the  horizontal  axis,  or,  in  the 
case  of  the  1900  level,  by  about  7-0-  mm. ,  a  quantity  which  is  negligible 
for  a  single  station,  esi^ecially  as  it  is  as  likely  to  be  of  the  contrary  sign 
to  the  same  sign  at  the  next  station.  To  guard  against  this  very  small 
and  compensating  error  by  introducing  new  difiiculties  for  the  instru- 
mentmaker  by  requiring  him  to  make  the  vertical  and  horizontal  axes 
intersect  seems  to  be  an  error  of  judgment. 

Figure  8  on  page  806  and  the  two  paragrajihs  following  it  contain 
unimportant  mistakes  which  are  puzzling  to  the  reader  until  he  finds 
that  they  are  simply  blunders.  The  only  ray  of  light  passing  through 
the  optic  center  which  suifers  no  refraction  is,  of  course,  the  rp.y  pass- 
ing along  the  line  C  C  of  the  figure,  which  enters  and  emerges  from 
the  lens  along  normals  to  the  surfaces.  Any  other  ray  passing  through 
the  optic  center,  such  as  the  ray  B  EO  E'B',  is  refracted  at  each  sur- 
face, but  j)asses  out  along  a  line  parallel  to  the  original  direction  of  the 
ray.  The  statement  in  the  first  paragraph  at  the  top  of  page  807  makes 
two  separate  rays  of  light  B  B'  and  A  A'  pass  along  the  same  path  E E' 
within  the  lens,  and  difierent  paths  outside,  an  impossible  case. 

Table  No.  3  is  given  to  show  that  the  effect  of  solar  attraction  is 
indicated  by  the  author's  leveling  in  1898  and  1899.  If  the  solar  attrac- 
tion were  apjDreciable  there  should  be  a  large  preponderance  of  minus 
signs  in  Group  1  of  that  table,  and  of  plus  signs  in  Group  2,  while 
Groups  3  and  1  should  each  show  no  well-marked  preponderance  of 
either  sign.  As  a  matter  of  fact,  the  preponderance  of  signs  in  Groups 
1  and  2  is  no  more  marked  than  in  3  and  4,  and  it  does  not  seem 
reasonable,  therefore,  to  assert  that  the  table  contains  any  evidence  of 
solar  attraction. 

The  author  maintains  that  a  reversible  striding  level  is  an  absolute 
necessity  on  a  precise  leveling  instrument.  He  states,  as  his  reason, 
that  "no  reliance  should  be  placed  on  the  capability  of  a  level  tube 
for  holding  its  horizontal  adjustment,"  and,  that  "  The  only  rational 
elimiuatiou  of  this  error  can  be  accomplished  by  taking  observations 
for  each  sight  with  the  level  tube  direct  and  reversed."     Such  a  state- 
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Mr.  Hayford.  ment  is  an  indication  of  the  quality  of  the  pai'ticular  instriiment  with 
which  the  author  is  most  familiar.  The  C.  «.t  G.  S.  levels  do  not  behave 
in  the  manner  indicated.  One  of  the  1900  levels  was  carefully  put  in 
adjustment  at  Washington  in  July,  1900,  and  shipped  by  express  to  a. 
point  in  Kentucky.  The  observer  there,  on  beginning  work  with  it, 
found  it  to  be  still  in  adjustment.  He  began  his  observations  on  July 
24th  without  having  touched  an  adjusting  screw  and  continued  without 
making  any  adjustment  vintil  September  7th.  During  that  i^eriod  the 
value  of  C  never  exceeded  0.005  until  September  7th,  when  it  jumped 
to  +0. 015.  The  value  0. 005  for  C  means  that  the  line  tangent  to  the  level 
vial  at  its  middle  point  makes  an  angle  of  approximately  3  seconds 
with  the  pointing  line  of  the  telescope.  The  instrument  was  adjusted 
on  Sej^tember  7th  and  from  that  time  until  October  20th  C  exceeded 
0.005  only  once,  and  then  was  found  to  be  0.006,  only.  The  mean  value 
(algebraic)  of  G  during  the  period  September  8th  to  October  20th  was 
+  0.002,  or  but  little  more  than  1  second  of  arc.  Cwas  determined  regu- 
larly on  every  day  on  which  observations  were  made.  If  C  equals  0.005,. 
the  correction  due  to  this  error  of  adjustment  when  the  difference  of  a 
fore  sight  and  the  corresponding  back  sight  is  10  m.,  that  being  the 
maximum  difference  allowed,  is  only  0.1  mm.  In  the  computation  it 
is  proposed  to  apply  the  corrections  whenever  appreciable,  upon  the 
assumption  that  the  error  is  constant  for  one  day  at  a  time.  When 
the  total  range  of  variation  in  the  adjustment  does  not  exceed  6  seconds 
of  arc  for  weeks  at  a  time,  as  in  this  instrument,  and  the  test  of  the 
adjustment  is  made  on  every  day  and  at  various  hoiirs  of  the  day,  will 
the  author  contend  that  the  accuracy  of  the  leveling  has  been  appreci- 
ably decreased  by  substituting  such  a  fixed  level  for  the  striding  level? 
The  other  1900 instrument  behaved  nearly,  but  not  quite,  as  well  as 
this  one.  One  of  the  1899  C.  &  G.  S.  levels,  which  was  still  in  use 
during  the  present  year,  shows  a  similar  behavior.  It  was  in  use  from 
May  8th  to  September  12tli,  during  which  time  225  miles  of  double 
line  of  leveling  were  completed.  Its  error  of  adjustment  was  deter- 
mined twice  during  each  day  of  observations.  It  was  adjusted  only 
once  during  the  season.  The  error  of  adjustment  exceeded  3.4  seconds 
only  six  times  during  the  whole  season. 

Especial  attention  is  called  (pages  828-829)  to  the  necessity  of  ac- 
curately centering  the  objective  and  of  insuring  that  the  sliding  tube 
carrying  the  eye  end  luoves  in  a  straight  line.  This  is,  of  course,  more 
important  for  a  level  telescope  of  the  non-reversible  type  used  in  the 
1900  C.  &  G.  S.  instrument  than  for  the  reversible  type  of  telescoi^e. 
It  is  necessary  to  insure  within  certain  limits  in  the  non-reversible  tele- 
scope that  the  point  in  the  i-eticule  defined  by  the  middle  thread,  or 
rather  the  mean  of  the  three  threads,  moves  in  a  straight  line  passing 
through  the  optical  center  of  the  objective  during  the  process  of  focus- 
ing.    A  little  investigation  shows  that  it  is  not  difficult  to  secure  this. 
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conditiou,  witbia  tlie  required  limits,  in  the  instrument  shop.  It  is  Mr.  Hayford. 
important,  however,  to  note  that  when  the  reticule  in  such  a  non- 
reversible telescope  has  once  been  adjusted  to  the  proj^er  position,  that 
this  adjustment  must  not  be  disturbed  in  the  field.  All  field  adjust- 
ments must  be  made  by  moving  the  level  vial  and  not  by  moving 
the  reticule. 

On  page  838,  a  possible  heaving  or  settling  of  the  instrument  or 
rods,  as  an  explanation  of  the  systematic  differences  often  noted  be- 
tween forward  and  backward  lines,  is  dismissed  quickly  without  an 
adequate  discussion.  It  is  apparently  assumed  that  if  the  turning 
point  pins  "are  scarcely  susceptible  to  any  heaving  or  settling  of  suffi- 
cient magnitude  to  be  readable  with  an  instrument,  even  at  a  very 
short  range,"  that  it  is  proved  that  no  appreciable  systematic  errors 
can  arise  from  the  cause  under  consideration.  The  systematic 
divergences  between  forward  and  backward  lines,  which  have  been 
accounted  for  frequently  in  the  literature  of  leveling  as  having  resulted 
from  rising  or  settling  of  the  rod  supports  or  of  the  instrument,  have 
seldom  exceeded  0.25  mm.  per  kilometer  of  line  run,  and  have  more 
frequently  been  less  than  0.1  mm.  per  kilometer  than  more.  To  ac- 
count for  an  error  of  0.1  mm.  in  a  single  kilometer,  supposing  that 
there  are  seven  stations  (average  sight  71  m. ),  if  it  be  assumed  that 
each  rod  support  (7)  and  each  icstriiment  support  (7)  had  a  systematic 
tendency  to  settle  (or  rise),  requires  that  each  movement  should  be  on 
an  average  0.007  mm.  if  they  are  all  of  the  same  sign.  This  quantity  is 
not  readable  with  a  leveling  instrument,  but  is  sufficient  to  produce  the 
error  for  which  an  explanation  is  sought.  To  assert  that  the  rod  and 
instrument  supports  are  not  subject  to  changes  of  that  magnitude  iS  to 
assert  that  they  have  an  exceedingly  high  and  improbable  degree  of 
stability.  To  account  for  an  error  of  0.25  mm.  in  a  single  kilometer  by 
movements  of  the  rod  supports  alone,  the  systematic  movements  of 
the  instrument  being  eliminated  by  the  method  of  observation,  which 
is  the  case  if  half  of  the  fore  sights  are  taken  before  the  corresponding 
backsights,  requires  a  systematic  settling  (or  rising)  of  less  than  0.04 
mm.  at  each  point,  a  quantity  which  is  still  not  readable  on  the  rod 
with  the  leveling  instrument.  Is  it  not  true  that  this  source  of  error 
is  sufficiently  dangerous  to  make  it  imperative  that  all  lines  should  be 
run  in  both  the  forward  and  backward  direction  and  the  mean  taken, 
if  the  highest  degree  of  accuracy  is  desired? 

The  requirement,  stated  without  modification  on  page  857,  that  the 
recorder  and  the  rodmen  of  a  leveling  party  should  be  college 
graduates  is  at  least  open  to  question.  The  computation  required  of 
the  recorder  consists  simjjly  of  adding  and  subtracting,  and  dividing 
by  two  or  three.  It  is  essential  that  he  should  be  a  man  who  is  careful 
and  conscientious,  and  who  can  make  such  simple  computations  as  are 
required  of  him  with  accuracy  and  rai^idity.     The  rodmen  must  be 
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Mr.  Hayford.  men,  or  youtlis,  who  will  take  an  interest  in  the  work  and  obey  orders. 
All  must  be  willing  to  hurry,  and  each  must  have  the  jihysique  to  stand 
the  work  and  the  stomach  to  stand  the  changing  fare.  These  qualities 
can  be  found  without  difficulty  among  those  who  have  never  been  to 
college,  and  to  require  such  an  education  is  surely  arbitrary. 

On  page  860  the  statement  is  made  that  "  On  some  recent  Govern- 
ment work,  a  system  of  single  lines  has  been  adopted  with  the  expecta- 
tion of  checking  or  closing  the  work  by  leveling  in  large  polygonal 
lines  forming  a  net." 

This  statement  is  followed  by  a  prediction  as  to  the  errors  which 
would  develop  in  such  a  case.  The  only  recent  work,  within  the 
writer's  knowledge,  which  has  been  done  in  the  manner  stated  is  a  por- 
tion of  a  line  run  in  1899  between  Gibraltar,  Mich.,  at  the  west  end  of 
Lake  Erie,  and  Cincinnati,  Ohio.  Three  different  jiortions  of  this  line 
were  run  as  long  loops  by  leveling  continuously  southward  along  one 
railroad  and  then  returning  to  the  starting  jjoint  along  another 
parallel  railroad  or  canal  towpath.  In  each  case  the  leveling  was 
carried  continuously  in  a  counter-clock-wise  direction  around  the  cir- 
cuit as  a  single  line.  The  lengths  of  the  separate  circuits  were  82  km., 
112  km.  and  87  km.,  and  the  errors  of  closure  were  respectively  — 4.9 
mm.,  -f-  9.0  mm.  and  -|-  9.3  mm.  Moreover,  these  three  circuits  were 
broken  into  smaller  circuits  by  six  cross-lines  at  points  where  the  two 
railroads,  or  the  railroad  and  towpath  concerned,  drew  near  together. 
These  cross-lines  failed  to  develop  the  existence  of  any  "  serious  local 
undiilations,"  the  nine  small  circuits  showing  the  same  absurdly  small 
closures  as  the  three  large  circuits.  It  is  interesting  to  note  that  the 
observer  on  this  line  believes  most  thoroughly  that  the  principal  cause 
of  a  systematic  tendency  to  run  high  (or  low)  is  usually  the  settling  or 
rising  of  rod  supports. 

Roth. — It  IS  objected  that  the  jjaraffining  of  level  rods  causes  the 
wood  to  become  soft,  jjrevents  the  perfect  adhesion  of  paint  and 
increases  the  coefficient  of  expansion  50%  (page  795).  The  Coast 
and  Geodetic  Survey  has  had  i^araffined  rods  in  continuoiis  use  since 
1895,  and  its  experience  does  not  justify  any  one  of  these  criticisms. 
The  strongest  objections  to  paraffined  rods  seem  to  come  from  those 
who  have  used  them  but  little,  if  at  all,  or  from  instrument  makers 
who  are  not  disposed  to  take  up  a  novelty. 

The  symmetrical  cross-section  of  the  rod  which  is  used  by  the  C.  & 
G.  S.  has  a  decided  advantage  over  the  T-shaped  cross-section,  in  that 
the  rod  is  less  likely  to  warj).  It  has  the  apjiarent  disadvantage  of 
affording  too  narrow  a  front  surface  for  any  complicated  graduation. 

The  discussion  of  pins  versus  foot-plates  is  dismissed  with  a  single 
sentence  (page  800),  upon  the  ground  that  the  foot-plates  "are  con- 
sidered entirely  out  of  date."  Foot-plates  are  still  in  use  in  the  Coast 
and  Geodetic  Survey,  and  have  been  continuously  in  use  for   many 
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years.  The  discussion  of  pins  ve7:<tus  foot-plates  will  probably  be  an  Mr.  Hayford. 
endless  one,  as  there  are  good  points  on  both  sides  of  the  argument. 
It  is  the  opinion  of  the  writer  that  but  little  error  in  the  ultimate 
results  can  be  credited  to  either  the  foot-plate  or.  the  pin,  provided 
each  section  of  the  line  is  run  in  both  the  forward  and  backward  direc- 
tions independently  and  the  mean  taken.  It  also  seems  clear  to  the 
writer  that  the  decision  between  the  foot-i)late  and  the  pin  should  be 
made  to  depend  upon  tlie  character  of  the  ground  over  which  the 
leveling  is  carried,  the  pin  being  jirobably  the  better  sujjijort  on  some 
kinds  of  soil  and  the  foot-plate  on  others. 

It  is  claimed  (page  797)  that  the  design  of  the  rod  shown  in  Figs. 
1,  2  and  3  "is  based  strictly  on  the  self-reading  principle,  and  thus 
enables  the  observer  to  read,  practically  without  counting  anything, 
from  the  coarsest  down  to  the  finest  graduation."  It  may  be  seen  by 
consulting  the  illustrations  of  the  C.  &  G.  S.  rod,  Plate  XL VI,  that 
in  its  graduation  an  attempt  has  also  been  made  to  eliminate  the 
necessity  of  counting.  On  each  decimeter  the  2  cm.  point  is  marked 
by  the  iipper  edge  of  a  white  rectangle  containing  a  figure,  the  4-cm. 
by  the  lower  edge  of  a  black  rectangle,  the  5-cm.  is  marked  by  a  white 
diamond,  the  6  by  the  upper  edge  of  a  black  rectangle,  the  8  by  the 
lower  edge  of  a  white  rectangle,  and  finally  the  zero  and  10  by  the 
center  of  a  white  rectangle  containing  a  figure.  It  is  not  necessary  to 
count  higher  than  2  to  identify  any  centimenter,  even  when  the  dis- 
tinction between  the  black  rectangles  and  the  uni3ainted  portion  of 
the  rod  disappears.  It  is  important  to  note  that  there  are  no  marks 
on  the  rods  having  a  least  dimension  of  less  than  1  cm.,  and  that  all 
areas  of  color,  with  the  exception  of  the  5-cm.  mark,  are  rectangular. 
The  markings  will,  therefore,  remain  distinct  for  greater  distances 
and  more  furioiis  vibration  of  the  air  than  will  those  of  any  design 
having  smaller  areas  of  color  or  many  sharp  points. 

The  author  indicates  on  pages  797  and  836  his  reasons  for  be- 
lieving that  a  2-mm.  graduation  should  be  furnished  in  addition  to 
the  centimeter  graduation.  In  this  opinion  he  does  not  stand  alone, 
as  the  same  principle  is  advocated  by  some  European  authors.  The 
C.  &  G.  S.  rod  carries  no  graduation  finer  than  single  centimeters,  be- 
cause it  is  known  that  under  the  actual  conditions  of  work  the  2-mm. 
graduation  will  be  readable  only  on  short  sights.  On  such  short 
sights  occurring  at  the  end  of  a  section  of  the  line  when  a  connec- 
tion is  about  to  be  made  with  a  bench-mark,  or  in  climbing  a  very 
steep  grade,  the  centimeter  graduations  can  be  read  with  greater 
accuracy  than  ordinarily.  To  add  a  2-mm.  graduation  for  use  in 
such  cases  is  to  strengthen  the  strongest' part  of  the  line,  and  is, 
therefore,  a  refinement  which  is  of  little  value,  although  it  does  no 
harm  if  there  is  room  on  the  rod  for  the  additional  graduation.  It 
is  pertinent  to  note  that  the    rods    used  under  the  direction  of  the 
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3lf.  fiayford.  United  States  Coi'iJs  of  Engineers  carry  no  gradnations  smaller  than 
1  cm. 

The  writer  fails  to  see  the  advantage  of  placing  the  zero  of  the 
graduation  nearly  5  cm.  above  the  foot  of  the  rod.  The  C.  &  G.  S. 
practice  is  to  put  the  zero  of  the  graduation  at  the  foot  of  the  rod, 
and  no  difficulty  is  found  in  maintaining  that  relation  within  narrow 
limits. 

The  author  condemns  the  past  practice  of  apj^lying  a  constant  rod 
correction  for  the  whole  season  (page  834),  and,  going  to  the  opposite 
extreme,  advocates  a  direct  measurement  of  the  rod  with  a  steel  tape 
three  times  a  day  (page  800),  or  even  at  the  beginning  and  end  of  each 
stretch  (page  884).  It  Avould  seem  that  the  frequency  with  which  the 
rod  should  be  measured  depends  upon  the  accuracy  with  which  the 
rod  in  question  holds  a  constant  length,  and  that  the  necessary  fre- 
quency of  measurement  cannot  be  decided  in  the  ofit-hand  manner  in- 
dicated on  the  pages  cited.  The  various  measurements  of  the  C  &:  G.  S. 
jjaratfined  rods  made  between  field  seasons  at  the  office  during  past 
years,  and  in  the  field  once  or  twice  a  month  during  1899  and  1900  in- 
dicate that  after  a  paraffined  rod  has  once  been  fully  seasoned  by  actual 
"iise  in  the  field  or  by  exposiire  to  temjjeratures  as  high  as  it  will  ex- 
perience in  the  field,  it  will  hold  a  constant  length  within  a  range  but 
little  greater  than  1  part  in  10  000  or  0.1  mm.  per  meter.  This  state- 
ment includes  all  variations  dwe  to  changes  in  the  humidity,  or  other 
causes,  except  changes  of  temjDerature,  the  measurements  having  been 
reduced  to  a  fixed  temperature  by  using  the  coefficient  of  expansion 
0.000004  per  degree  Cent.  The  present  C.  &  G.  S.  practice,  of  measur- 
ing the  rods  with  great  accuracy  between  field  seasons  and  measuring 
them  with  a  steel  ta^je  once  or  twice  a  month  during  the  season,  limits 
the  j)ossible  errors  from  the  cause  under  discussion  to  much  less  than 
one  ten-thousandth  of  the  difference  of  height  measured.  Under  these 
conditions,  daily  measurements  of  the  rods  seem  to  be  unwarranted. 

During  the  process  of  seasoning  the  paraffined  rods  usually  increase 
slightly  in  length. 

Collar  Inequality. — The  author's  statement,  on  page  843,  that  the 
commonly  accepted  method  of  determining  the  inequality  in  telescope 
collars  is  erroneous,  and  that  "  many  of  the  constant  errors  frequently 
encountered  in  leveling  operations  and  attributed  to  a  great  variety  of 
causes,  principally  personal  equation  and  settlement  or  heaving  of  in- 
strument or  rods,"  may  be  accounted  for  by  this  error,  into  which  all 
who  have  dealt  with  this  matter  have  fallen,  is  surely  startling.  The 
statement  is  made  again,  on  page  851,  that  the  usually  accepted  method 
of  determining  the  collar  .inequality  "has  already  been  exj^lained  and 
found  erroneous."  At  various  other  points  in  the  text  the  author  in- 
dicates with  emphasis  the  importance  he  attaches  to  this  matter.  Were 
the  author's  supposition  true,  not  only  would  all  who  have  dealt  with 
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precise  levels  be  involved  in  confusion  at  the  discovery  of  sncli  a  mis-  Mr.  Hayford. 

take,  but  so  would  several  generations  of  astronomers  who  have  used 

the  same  method,  and  set  it  forth  in  their  writings,  in  connection  with 

the   determination   of   the   inequality   of  the    pivots   of   asti'onomical 

transits  used  for  the  determination  of  time.     It  is  imjiortant,  then,  that 

the  alleged  proof  of  the  error  of  the  usually  accepted  theory  should 

be  carefully  examined. 

The  first  thing  that  attracts  the  attention  of  one  who  makes  the 
examination  is  the  startling  array  of  assumptions  which  are  stated  to 
be  necessary  to  prove  the  correctness  of  the  ordinary  procedure  in  de- 
termining collar  inequality  (page  830).  The  next  matter  that  -will 
catch  the  eye  in  a  quick  reading  is  the  inaccuracy  and  confusion  in  the 
statements  and  formulas  on  page  831.  In  the  figure,  iv  is  marked  as  a 
distance,  and  in  lines  3  and  10  it  is  defined  as  an  inclination  or  abstract 
number,  e  is  defined  as  an  abstract  number  or  inclination  and  ^  is 
stated  to  be  a  distance,  and  is  so  marked  in  the  figure.  The  formula 
IV  =  £  -\-  t  is  equivalent  to  a  statement  that  a  distance  or  abstract 
number  is  equal  to  the  sum  of  an  abstract  number  added  to  a  distance, 
an  absiirdity.  Similar  absurdities  occur  at  several  points  on  the  same 
page.  Using  this  confusion  as  a  clew,  one  would  naturally  look  for 
some  more  serious  error. 

A  careful  examination  will  show  that  the  author's  whole  argument 
is  completely  erroneous,  and  that  the  commonly  accepted  method  of 
determining  the  inequality  of  collars  is  correct  within  attainable  limits 
of  accuracy.  He  has  confused  the  measurement  of  the  inequality  of 
the  radii  or  diameters  of  the  two  collars  with  a  measurement  of  the 
effect  of  such  inequahty  on  the  inclination  of  the  telescope  axis  and 
the  striding  level.  The  quantity  determined  is  usually  referred  to  as 
inequality  of  collars,  but  by  that  is  not  meant  ineqiiality  of  the  radii 
of  the  collars,  but  simply  the  effect  of  that  inequality  in  producing 
an  erroneous  position  of  the  telescope  axis  and  the  striding  level. 

The  whole  matter  may  be  made  clear  by  superposing  Fig.  15  (b), 
page  831,  on  15  (a),  in  such  a  manner  as  to  make  the  two  points  0  co- 
incide, keeping  both  figures  right  side  up.  It  must  be  kept  in  mind 
that  these  two  figures  represent  in  diagrammatic  form  a  section  at  one 
collar  through  the  striding  level,  telescope  and  cradle  support  in  the 
plane  of  the  contacts  of  those  three  bodies.  The  two  circles  repre- 
senting the  eye-end  collar  will  coincide,  after  the  superiiosition,  0 
being  the  center  of  the  eye  end  or  larger  collar  in  both  cases.  In  the 
superposed  figure  the  relative  position  of  the  "level  tube"  and 
cradle  siipport  will  be  that  which  they  actually  hold  when  the  larger 
or  eye-end  collar  separates  them.  The  two  small  circles  in  the  super- 
loosed  figure,  having  centers  at  0'  and  0',  show  the  two  i^ossible 
positions  in  which  the  smaller  collar  might  be  placed,  first  in  contact 
with  the  cradle  supjjort  and  next  in  contact  with  the   "level  tube," 
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Mr  Hayford.  supposing  these  two  to  maintain  the  relative  positions  which  they  had 
when  the  larger  collar  was  between  them.  It  is  evident  that  under 
the  action  of  gravity  the  smaller  collar  will  take  the  lower  of  the  two 
positrons  shown  in  the  superposed  figure  and  its  center  will  then  be  a 
distance  n'  or  0  0'  below  the  i^osition  which  the  center  of  the  larger 
collar  had  occuijied.  Similarly,  as  the  distance  0'  A  [of  Fig.  15  [b)\, 
A  being  a  point  on  the  striding  level,  is  fixed,  A  will  occupy  a  position 
2  tc,  equal  to  0'  0',  lower  than  it  did  when  the  larger  collar  separated 
the  cradle  support  and  the  "  level  tube."  In  the  reversal  of  the  tele- 
scope under  consideration  the  point  A  will  have  fallen  a  distance  2  tii, 
and  the  corresi^onding  point  on  the  other  end  of  the  striding  level  will 
have  risen  2  w,  and  the  total  change  in  inclination  of  the  btriding  level, 
which  will  be  measured  by  the  movement  of  the  bubble,  will,  there- 

fore,  be  -y  ,  L  being  the  length  of  the  striding  level  between  its  sup- 

porting  wyes.     Similarly,  the  change  in  inclination  of  the  axis  of  the 

2  10 
telescope,  the  line  joining  the  centers  of  the  two  collars,  will  be  -y- 

and  the  error  in  the  inclination  of  the  axis,  due  to  inequality  of  collars, 

will  be   half  this   amount,  or   y,  which  is  one-fourth  the  change  of 

inclination  indicated  by  the  striding  level  in  accordance  with  the 
usually  accepted  theory,  and  in  accordance  with  the  method  of  com- 
putation shown  on  the  upper  half  of  page  830.  It  may  be  noted  that 
this  is  a  direct  jjroof,  dealing  with  the  quantity  of  which  the  measure- 
ment is  actually  required,  and  involves  no  consideration  of  the  differ- 
ence of  radii  of  the  two  collars.  On  examination  it  will  be  found  that 
it  involves  implicitly  the  assumption  that  the  angular  opening  of  the 
wyes  of  the  cradle  support  is  equal  to,  or  nearly  equal  to,  the  corre- 
sponding angular  opening  of  the  wyes  of  the  striding  level.  For, 
unless  this  were  true,  the  two  distances  marked  w  in  the  figures  would 
not  be  equal. 

The  author's  treatment  of  the  same  observations  would  give  a  cor- 
rection for  inclination  of  the  axis  of  the  telescope  due  to  inequality  of 
the  collars  which  is  nearly  two  and  a  half  times  as  great  as  the 
ordinary  treatment. 

On  pages  872-875  is  given  an  example  of  the  record  of  observations 
made  at  a  river  crossing,  and  on  pages  876-877  the  claim  is  made  that 
■when  these  observations  were  reduced,  by  using  a  value  0.0635  for  the 
inequality  of  collars,  the  restilts  from  the  four  crossings  agreed  very 
closely,  within  2.4  mm.,  and  that  this  would  not  have  been  the  case  if 
"  the  correction  for  collar  inequality,  found  by  the  commonly  adopted 
method  of  level  tube  and  telescope  reversals,"  had  been  used.  This 
argument  will  not  bear  close  examination.  The  author  has  failed 
entirely  to  ajoply  any  correction  for  curvature   and  refraction  in  his 
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computatioii.     It  is  essential  to  api)ly  such    a   correction   whenever  Mr.  Hayford. 

forward  and  backwai'd  sights  are  very  unequal  as  they  are  in  the  case 

in  hand.     The  correction  for  curvature  and  refraction  for  a  215-m. 

sight  (see  Fig.  16)  is  3.1  mm.,  for  a  211-m.  sight  is  3.0  mm.,  and  for  a 

22  or  23-m.  sight  it  is  0.0  mm.     Applying  these  necessary  cori'ections 

to  the  observations,  the  results  stand-as  shown  in  Table  No.  31. 

TABLE  No.  31. 


Excess 
of  fore- 
sight. 

Difference  of  Elevation. 

Line. 

Observed. 

Correction 

for 
curvature 

and 
refraction. 

Corrected 

for 
curvature 

and 
refraction. 

Corrected, 
using 
0.0635. 

Corrected, 
using 
0.0276. 

1st  direct  D^ 

2d  direct  /)., 

1st  reverse  R^ 

2d  reverse  R^ 

m. 

+192.7 
—188.6 
+188.6 
—192.7 

mm. 

+123.8 
+148.1 
+146.3 
+124.6 

mm. 
+3.1 
-3.0 
-3.0 
+3.1 

mm. 
126.9 
145.1 
143.3 
127.7 

mm. 
139.1 
133.2 
131.4 
139.9 

mm. 
132.2 
139.9 
138.1 
133.0 

The  last  column  was  computed  by  using  0.0276  mm.  per  meter  as 
the  correction  for  inequality  of  collars,  that  value  being  given  on  page 
830  and  stated  to  be  the  mean  of  twenty  observations  taken  in  the 
ordinary  way.  The  last  column  but  one  shows  the  corrected  values, 
using  0.0635,  the  author's  value  of  the  correction  for  collar  inequality. 
It  will  be  noted  at  a  glance  that  the  range  of  the  four  results  is  about 
as  great  in  one  case  as  in  the  other.  The  observations  indicate  that 
the  true  value  of  the  collar  inequality  is  between  0.0276  and  0.0635,  as 
such  an  intermediate  value  would  come  closest  to  making  the  four 
differences  of  elevation  agree.  The  remarkable  agreement  of  2.4  mm., 
shown  on  page  876,  has  now  disappeared,  and  with  it  the  force  of  the 
argument  based  upon  that  agreement. 

It  may  jjossibly  be  contended  that  the  correction  for  refraction 
should  be  neglected,  as  the  refraction  is  a  very  uncertain  quantity. 
The  curvature,  however,  is  not  uncertain.  It  is  positively  known  within 
very  narrow  limits.  The  corrections  used  herein  would  be  increased 
slightly  by  neglecting  the  refraction,  as  that  has  been  assumed  to  be 
one-eighth  of  the  curvature  and  of  the  contrary  sign. 

It  may  also  be  claimed  that,  as  the  curvature  and  refraction  are 
neglected  in  the  determination  of  the  inequality  of  collars,  by  the 
method  advocated  by  the  author  and  shown  on  pages  852-853,  this 
neglect  will  produce  errors  of  the  same  magnitude,  and  of  the  contrary 
sign,  as  those  produced  by  the  neglect  just  noted  in  the  observations 
at  the  river  crossing.  Such  an  argument,  however,  is  utterly  falla- 
cious, as  the  correction  for  curvature  and  refraction  increases  as  the 
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Mr.  Hayford.  square  of  the  distance,  whereas  the  correction  for  collar  inequality  in- 
creases as  the  first  jjower  of  the  distance.  Hence  the  curvature  and 
refraction  cannot  be  merged  with  the  collar  inequality  by  neglecting 
to  correct  for  curvature  and  refraction  when  determining  collar  in- 
equality. The  true  method  is  to  correct  for  curvature  and  refraction 
wherever  such  correction  becomes  appreciable.  If  this  had  been  done 
in  Table  No.  9  the  derived  value  of  0.0624  for  correction  for  collar 
inequality  would  have  been  decreased  slightly. 

With  the  exception  noted,  namely,  the  neglect  to  apply  the  correc- 
tion for  curvature  and  refraction,  the  method  shown  in  Table  No.  9 
seems  to  be  correct,  and  should  give  a  value  of  the  collar  inequality  in 
agreement  with  that  of  the  ordinary  method  by  reversal  of  the  tele- 
scope, exceiit  for  unavoidable  errors  of  observation. 

The  discrepancy  between  the  various  values  of  the  collar  inequality 
determined  by  the  two  methods  seems  to  the  writer  to  be  evidence  of 
wear  in  the  instrument,  or  poor  observation,  rather  than  anything 
wrong  in  the  theory.  The  value  -f-  0.0235  mm.  per  meter  is  given  for 
this  correction  on  page  877,  and  +  0.0276  on  page  830,  both  being  de- 
termined by  the  usual  method  by  reversals  of  the  telescope  in  the 
wyes.  The  value  0.0624  is  shown  on  page  853,  and  the  value  0.0635  is 
used  by  the  author  on  page  876.  Finally,  the  river  crossing  treated  on 
pages  872-876  indicates  that  the  true  value  lies  somewhere  between 
0.0635  and  0.0276.  The  great  range  of  these  values,  and  the  fact  that 
they  are  unusually  large,  is  an  indication  that  the  concentration  of  the 
wear  on  the  telescope  collars  at  four  small  areas  has  produced  the  effect 
which  should  be  expected. 

Table  No.  6  and  the  Conclusions  drawn  from  it. — The  importance 
ascribed  by  the  author  to  the  experiments  indicated  in  Table  No.  6  may 
be  appreciated  by  noting  the  frequency  and  character  of  the  references 
to  it.     According  to  his  statement: 

"  The  important  cumulative  error  is  that  produced  by  the  warping 
effect  of  the  sun's  direct  and  reflected  heat  rays  on  the  telescope  (see 
experiments  in  Table  No.  6).  All  other  errors  are  generally  of  a  com- 
pensating nature  when  good  instruments  are  used"  (page  886). 

Again:  "  The  error  shown  to  exist  in  very  warm  weather  (see Table 
No.  6)  cannot  be  detected,  except  by  the  closure  of  a  line,  and  the  best 
and  most  careful  work  may  be  done  under  seemingly  good  conditions 
without  yielding  satisfactory  results  "  (page  862). 

On  pages  843  and  883  important  conclusions  are  also  based  upon 
this  table  as  to  the  times  of  day  and  kinds  of  weather  in  which  good 
work  can  be  done.  Finally,  page  859,  the  author  states  that  his  con- 
clusion, based  upon  Table  No.  6,  as  to  the  times  of  day  when  double 
lines  should  be  run,  "  supersedes  all  theoretical  reasoning,  being,  as  it 
is,  the  result  of  actual  observation  and  experiment." 

The  experiments  in  question  are  confined  to  a  single  day  and  a  single 
instrument  station.     Has  the  author  shown  good  judgment  in  using 
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these  expex'iments  as  a  foiiudation  for  the  great  siiperstructure  of  far-  Mr.  Hayford- 
reaching  conclusions  which  he  has  constructed?     Or,  if  he  has  addi- 
tional supi)orts  for  his  superstructure,  is  he  not  unwise  in  leaving  the 
reader  in  ignorance  of  them? 

When  one  examines  the  evidence  carefully,  with  a  view  to  answer- 
ing tlie  above  questions,  the  first  doubt  is  apt  to  arise  in  his  mind  as 
soon  as  he  notices  that  all  the  exijeriments  were  made  under  one  set  of 
conditions.  One  of  the  primary  conditions  which  must  be  fulfilled  by 
a  set  of  experiments,  if  the  oonchxsions  based  upon  them  are  to  be  thor- 
oughly trustworthy,  is  that  the  conditions  under  which  they  are  made 
must  be  varied  as  much  as  jDossible.  In  the  case  in  hand,  the  direction 
of  the  line  observed  might  have  been  varied;  the  observations  might 
have  been  taken  on  different  days;  the  character  of  the  surface  of  the 
ground  should  have  been  varied,  and  the  eiiect  of  the  slope  of  the 
ground  should  surely  have  been  taken  into  account  as  possibly  affect- 
ing the  refraction.  As  it  is,  all  the  readings  are  taken  over  the  same 
line,  and  the  only  conditions  which  vary  are  the  time  of  day,  the  tem- 
perature, cloudiness  or  brightness  of  the  sunlight,  and  the  azimuth  of 
the  sun. 

The  mean  reading  of  Rod  6  varied  during  the  experiments  from 
1529.2  mm.  to  1529.9  mm.,  or  a  total  of  0.7  mm.  Similarly,  the  range 
of  the  readings  on  Rod  1  was  1.4  mm.  The  total  change  in  the  ap- 
parent difference  of  elevation  of  the  two  rod  supports  is  from  287.1  mm. 
to  288.0  mm.,  or  a  total  of  (1.9  mm.  All  the  author's  conclusions  are 
based  upon  these  small  changes.  Is  the  internal  evidence  of  Table 
No.  6  such  as  to  make  it  unquestionably  true  that  the  accuracy  of  the 
observations  was  sufficient  to  warrant  any  conclusions  drawn  from  such 
small  variations.  A  side-light  upon  this  question  may  be  gained  by 
noting  the  range  of  variation  of  the  angle  subtended  on  the  rod  by 
the  upper  and  lower  threads.  Omitting  the  first  values  given  in  the 
table,  becaiTse  the  instrument  was  moved,  as  stated  in  the  text, 
between  the  first  and  second  observations,  the  thread  distance  on  Rod 
5  varies  from  151.6  mm.  to  152.1  mm.,  or  a  range  of  0.5  mm.,  and  on 
Rod  I  varies  from  151.8  mm.  to  1.52.6  mm.  or  a  range  of  0.8  mm.  It 
should  be  noted  that  the  author's  explanation  of  the  changes  in  the 
mean  rod  readings  and  the  apparent  difference  of  elevation  in  the  rod 
supports  does  not  in  the  least  account  for  any  aijparent  change  in  the 
thread  distances.  If  the  eye  end  of  the  telescope  curves  downward 
during  a  part  of  the  observations,  as  he  assumes,  all  three  threads  will 
apparently  move  together  on  the  rod,  and  the  thread  distances  remain 
constant.  The  variation  in  thread  distance  which  could  be  accounted 
for  by  a  change  in  temperature  of  the  reticule  would  be  in  the  hun- 
dredths of  a  millimeter  only.  The  range  of  variation  in  thread  dis- 
tances referred  to,  viz. :  0.5  and  0.8  mm.,  must  be  due  either  to  errors  of 
observation  or  changes  in  the  dift'erence  of  refraction  between  the  upper 
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Mr.  Hayford.  and  lower  lines  of  sight.  The  errors  from  either  of  these  causes  are 
eqiaally  likely  to  affect  the  ineau  readings  of  the  rods  and  the  apparent 
difference  of  elevation  of  the  rod  supports.  It  seems,  therefore,  that 
to  base  any  far-reaching  conclusions  on  a  variation  of  0.9  mm.  during 
a  set  of  observations,  when  variations  of  0.5  to  0.8  mm.  remain  unex- 
plained, is  unwarranted.  The  author's  conclusions  may  possibly  be 
correct,  but  Table  No.  6,  without  support,  hardly  can  be  taken  as  j^roof 
of  such  correctness. 

It  is  stated  that  the  error  of  the  determination  of  the  difference  of 
height  of  the  two  rod  supports  in  this  set  of  experiments  became  zero 
at  8  A.  M.  and  3  p.  m.  (page  842).  An  examination  of  the  table  indicates 
then  that  the  author  considers  the  true  difference  of  elevation  to  be 
288.0  mm.  There  is  no  evidence  put  forward  by  the  author  to  deter- 
mine which  of  the  many  measured  differences  of  elevation  was  the  true 
one.  What  evidence  is  furnished  that  the  greatest  of  the  measured 
values  corresponds  to  the  truth,  rather  than  the  mean  of  all  the 
measures.  A  dogmatic  statement  is  made,  without  any  effort  to 
support  it.  This  statement  is  of  especial  importance  as  the  conclu- 
sions stated  in  various  other  parts  of  the  paper,  as  to  the  time  of  day 
when  good  work  can  be  done,  all  depend  upon  the  correctness  of  this 
assumption  that  288.0  mm.  is  the  true  difference  of  elevation. 

The  author  states  positively  that  to  detect  temperature  errors  of  the 
class  which  he  claims  are  indicated  in  Table  No.  6  it  is  necessary  to 
close  each  stretch  of  the  line  by  making  both  the  forward  and  the 
backward  measures  during  the  same  half  of  the  day  (pages  843,  859  and 
883).  Even  if  the  author's  concejjtion  of  the  cause  of  such  tempera- 
ture errors  be  agreed  to,  and  even  if  it  be  agreed  that  the  measurements 
shown  in  Table  No.  6  are  absolutely  accurate,  the  conclusion  stated 
does  not  follow.  Let  it  be  agreed  that  iu  running  a  line  northward, 
as  indicated  in  Table  No.  6,  the  eye  end  of  the  telescope  curves  down- 
ward on  the  fore  sight  and  thus  inclines  the  line  of  sight  upward,  and 
that  the  elevations  carried  northward  will  be  too  small,  it  is  equally 
true  that,  if  the  direction  of  the  running  were  to  the  southward,  under 
the  same  conditions,  according  to  the  author's  theory  the  fore  sight, 
which  would  then  be  toward  the  sun,  would  be  undisturbed,  while  the 
back  sight,  taken  from  the  sun,  would  be  made  too  high  on  the  rod, 
and  the  iiltimate  effect  would  be  to  tend  to  make  the  line  run  high, 
just  as  in  the  previous  case  it  was  supposed  to  run  low.  If  the  first 
measurement  to  the  northward  be  called  the  forward  measurement  and 
the  second  the  backward  measurement,  the  forward  measurement 
would  carry  the  measures  too  low  and  the  backward  measurement 
would  carry  them  too  high  in  the  direction  of  the  measure,  which  is 
now  reversed,  and  the  two  results  would  agree  instead  of  showing  a 
divergence.  In  other  words,  by  the  author's  theory  as  to  the  manner 
of  behavior  of  the  telescope,  it  is  necessarily  true  that  elevations  car- 
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ried  in  the  computation  from  one  bench-mark  to  another  which  is  in  a  Mr.  Hayfoid. 
direction  away  from  the  sun  from  the  first  will  be  too  low,  regardless 
of  the  direction  in  which  the  measurements  actually  progressed,  and 
vice  versa.  To  make  the  backward  and  forward  measurements  on  the 
same  half  day  on  an  east  and  west  line  is  to  insure  a  better  agreement 
of  the  two  measures  than  if  they  are  made  under  differing  conditions. 
This  is  the  reverse  of  the  claim  made  by  the  author,  when  applied  to 
such  a  line.  The  logical  conclusion  from  his  theory  would  be  that  if 
the  forward  measure  is  made  under  one  set  of  conditions  as  to  the 
azimiith  of  the  sun  and  cloudiness,  the  backward  measure  should  be 
made  under  conditions  as  different  as  possible  in  these  respects  if  it  is 
desired  to  make  the  temperature  error  apparent  by  i^roducing  a 
divergence  between  the  two  lines,  as  he  claims,  and  correctly,  should 
be  done.  The  correct  conclusion  is,  for  example,  that  on  a  line  run- 
ning to  the  westward,  if  the  forward  measurement  is  made  in  the  fore- 
noon with  the  sun  behind,  and  the  measures  may  therefore  be  expected 
to  carry  the  elevations  too  low  in  the  direction  of  the  j)rogress  of  the 
measurement,  the  backward  measurement  should  be  made  in  the  after- 
noon with  the  sun  again  behind  and  with  the  line  again  running  low 
in  the  direction  of  progress. 

A  test  of  the  validity  of  the  author's  conclusion  that  this  tempera- 
ture error  may  be  as  much  as  15  mm.  per  kilometer  (see  middle  of 
page  843)  is  available  in  the  printed  reports  of  the  Coast  and  Geodetic 
Survey.  The  general  custom  from  the  beginning,  on  that  Survey,  has 
been  for  the  level  party  to  continue  working  throughout  the  day.  In 
the  various  stretches  of  line  comprised  in  hundreds  of  miles  of  level- 
ing done  by  the  forward  and  backward  method  it  is  necessarily  true 
that  all  combinations  of  conditions  as  to  the  relative  times  of  the 
runnings  of  the  forward  and  backward  line  have  occurred,  but  no 
divergence  approaching  15  mm.  per  kilometer  can  be  found  in  the 
observations. 

It  is  interesting  to  note  that  the  result  from  the  experimental  line 
run  southward  on  a  clear,  warm  day  without  any  umbrella,  stated  on 
page  843,  agrees  with  the  theory  of  temperature  errors  stated,  in  con- 
nection with  the  leveling  of  the  Coast  and  Geodetic  Survey  previous 
to  1899,  earlier  in  this  discussion.  According  to  that  theory  a  level 
line  run  toward  the  sun  should  always  have  a  tendency  to  run  too 
high,  and,  of  course,  this  tendency  would  be  greatly  exaggerated 
when  no  umbrella  is  used. 

The  writer's  opinion  then  in  regard  to  Table  No.  6,  and  the  conclu- 
sions based  upon  it,  is  that  the  evidence  of  the  table  is  too  weak  to 
support  any  conclusion,  and  that  the  author's  theory  of  temperature 
errors  must  necessarily  be  supported  by  other  evidence  before  it  can 
be  accepted;  that  the  conckision  drawn  from  the  table  that  good  work 
cannot  be  done  during  the  hottest  i^art  of  the  day  is  not  valid;  and. 
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Mr.  Hayford.  finally,  that  the  conclusion  that  the  forward  and  backward  running  on 
any  section  of  the  line  should  be  made  on  the  same  half  day  is  utterly 
contrary  to  the  author's  own  statement  of  the  nature  of  the  error  sup- 
posed to  have  been  manifested  in  the  table. 

During  What  Hours  of  the  Day  should  Leveling  be  Done? — The 
author  is  not  alone  in  his  contention  that  the  hours  of  observing  should 
be  limited  to  the  beginning  and  end  of  the  day,  and  that  the  middle 
and  heated  half  should  be  avoided.  Such  a  jsroposition  is  jiut  for- 
ward in  many  places  in  the  literature  of  leveling,  both  by  direct  state- 
ment and  by  the  indirect  statement  involved  in  the  fact  that  the  hours 
of  leveling  were  actually  so  limited.  The  question  as  to  whether  the 
hours  of  work  should  be  so  limited  is  important,  because  it  is  one  of 
the  principal  factors  in  determining  the  speed  of  the  leveling  per 
month  and  its  cost.  If  the  hours  of  work  are  extended  say  from  5  to 
8  hours  during  each  day,  on  an  average,  the  speed  will  be  affected  in 
that  ratio  and  the  cost  in  the  inverse  ratio,  since  the  main  portion  of 
the  expense  of  the  party  is  a  fixed  amount  per  month.  In  view  of 
this  it  seems  that  no  sufficient  proof  of  the  necessity  for  limiting  the 
hours  of  work  has  ever  been  put  forward  in  so  far  as  the  writer  is 
aware. 

In  general,  less  vibration  of  the  images  of  the  rod  as  seen  through 
the  telescope  may  be  expected  during  the  early  and  late  hours  of  the 
day,  or  at  least  the  vibration  will  be  less  violent  than  during  the  mid- 
dle portion  of  the  day.  Smaller  errors  of  reading  of  the  rods  may, 
therefore,  be  expected  during  the  early  and  late  hours  than  in  the 
middle  of  the  day.  But  such  reading  errors  are  compensating  in 
their  nature,  and  are  of  minor  importance.  The  most  troublesome 
errors  are  those  of  the  cumulative  class. 

It  can  hardly  be  contended  that  there  is  less  danger  of  errors  due  to 
large  or  rapidly  changing  refractions  during  the  early  and  late  parts 
of  the  day  than  during  the  middle,  for  it  is  a  well-known  fact  that  the 
refraction  is  varying  most  rapidly  during  the  early  and  late  hours,  and 
that  it  is  also  much  larger  during  tho3e  hours  than  during  the  middle  of 
the  day.  It  would  seem  that  there  is  less  chance  of  encountering  errors 
due  to  refraction  when  observations  are  taken  during  the  middle  por- 
tions of  the  day,  when  refraction  is  nearly  constant  and  is  nearly  a 
minimum,  than  during  the  early  and  late  hours. 

It  might  have  been  urged  with  considerable  force  that  errors  due 
to  unequal  temperature  changes  in  the  instrument  might  be  expected 
to  be  smaller  during  the  early  and  late  hours  than  during  the  middle  of 
the  day,  but,  so  far  as  the  writer  is  avvare,  such  an  argument  has  never 
been  put  forward  in  the  past,  when  it  would  have  been  valid.  If 
brought  forward  now  it  will  be  of  little  weight,  since  it  is  reasonably 
certain  that  such  errors  can  be  kept  within  very  narrow  limits  by 
proper  construction  of  the  instrument  and  projier  methods  of  using 
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it.  Everything  being  considered,  it  would  seem  that  the  best  plan  of  Mr.  Hayfonl. 
work  is  to  continue  the  leveling  throughout  the  day.  Such  a  pro- 
cedure will  be  very  effective  in  increasing  the  speed  and  decreasing 
the  cost.  It  will  secure  a  much  wider  divergence  of  conditions  than 
the  plan  of  working  only  at  the  two  ends  of  the  day.  The  writer 
believes  that  it  is  true  in  leveling,  as  it  is  true  in  general,  that  the 
truth  is  to  be  reached  by  observing  under  all  possible  conditions  and 
combining  the  results  rather  than  by  arbitrarily  selecting  one  set  of 
conditions. 

The  Principle  of  Lenst  Squares. — The  workman  who  does  not  under- 
stand his  tool  is  apt  to  see  more  faults  in  it  than  one  who  has  mastered 
it.  The  author  condemns  the  princijjles  of  least  squares  as  ajijilied  to 
leveling,  except  when  used  to  compare  the  accuracy  of  different  lines. 
The  writer  freely  concedes  that  many  absurdities  have  resulted  from 
supi>osed  applications  of  these  principles.  He  believes,  however,  that 
the  responsibility  for  these  absurdities  may  always  be  traced  to  the 
users  of  the  principles.  The  method  of  least  squares  is  a  most  power- 
ful instrument  in  the  hands  of  an  expert,  but  a  dangeroiis  plaything 
in  other  hands. 

Certain  palpable  mistakes,  m  the  application  of  least  squares  to 
the  problem  in  band,  catch  the  eye  at  once.  The  formula  given  on 
page  878,  ±  r„  =  -x/  2^  r'-,  in  which  ?-^  is  the  probable  error  of  the  eleva- 
tion of  a  point  as  found  from  the  initial  point,  and  the  separate  r'  s 
are  in  each  case  the  probable  error  of  the  mean  difference  of  elevation 
of  the  bench-marks  at  the  end  of  a  stretch.  It  is  then  stated  that 
"  This  formula  is  applicable  only  when  all  stretches  are  of  equal  length, 
though  it  is  generally  used  without  regard  to  the  actual  weights  result- 
ing from  unequal  lengths."  The  statement  is  a  positive  contradiction 
of  one  of  the  fundamental  principles  of  the  theory  of  errors,  that  the 
probable  error  of  the  sum  of  several  quantities  is  equal  to  the  sum  of 
the  squares  of  the  separate  probable  errors,  regardless  of  the  relative 
weight  of  the  separate  quantities.     Again  it  is  stated  (page  883)  that : 

"  Three  single  lines  would  yield  a  theoretical  accuracy  of  1.4  times 
that  obtained  from  two  lines,  *  *  *  and  four  lines  would  give  an 
accuracy  of  1.7  times  that  from  two  lines." 

The  theoretical  accuracy  increases  as  the  square  root  of  the  num- 
ber of  measures  of  single  lines,  and  the  foregoing  ratios,  therefore, 

should  be  >J—  and  ^—  or  1.2  and  1.4,  instead  of  1.4  and  1.7  as  given. 

The  statement  that,  "When  a  line  of  levels  closes  on  itself,  thus 
forming  a  polygon,  the  resulting  error  of  the  polygon  must  be  dis- 
tributed over  the  entire  periphery,  either  in  proportion  to  the  length, 
or,  perhaps  better,  in  proportion  to  the  square  root  of  the  length,  from 
the  known  starting  point,"  given  on  page  894.  is  evidently  the  result 
of  a  misconception  of  the  principles  under  discussion. 

To  distribute  such  an  error  in  proportion  to  the  square  root  of  the 
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Mr.  Hayford.  length  from  the  known  starting  i:)oint  would  be  an  absurdity  and 
would  give  two  results  which  would  vary  widely  from  each  other 
when  the  distribution  was  made  first  in  one  direction  around  the  cir- 
cuit and  then  the  other.  It  is  stated  on  page  889,  that  when  the  theory 
of  error  is  applied  to  the  comparison  of  groups  of  observations,  "  each 
group  must  contain  the  same  number  of  observations." 

In  view  of  the  foregoing  quotations  the  condemnation  of  the  theory 
of  errors  as  applied  to  precise  leveling  (pages  889-890),  and  especially 
the  condemnation  of  the  method  of  least  squares,  as  applied  to  the 
adjustment  of  a  level  net,  should  be  given  but  little  weight. 

Probable  Errors  and  Limits  of  Error. — Thecomj)uted  jirobable  error 
of  a  single  kilometer  is  a  true  measure  of  the  relative  magnitude  of 
the  errors  belonging  to  the  accidental  or  compensating  class  in  differ- 
ent lines.  Such  comparisons  are  misleading,  however,  unless  it  is 
kept  clearly  in  mind  that  the  accuracy  of  the  line  of  levels  depends 
both  upon  the  compensating  and  the  cumulative  errors  in  that  line. 
The  errors  of  the  second  class  are  usually  much  more  serious  than 
those  of  the  first,  in  precise  leveling.  The  probable  errors  on  two 
lines  being  known,  judgment  should  be  suspended  until  the  evidence 
as  to  the  magnitude  of  the  cumulative  errors  has  been  weighed.  For 
example,  the  two  groups  of  lines  shown  in  Table  No.  21  have  average 
probable  errors  which  do  not  diff"er  greatly.  An  opinion  of  the  rela- 
tive accuracy  of  the  two  groui^s  based  upon  this  fact  would  be  grossly 
at  fault,  however,  since  the  average  cumulative  error  in  one  of  these 
groujas  is  many  times  that  in  the  other.  The  best  evidence  of  the  mag- 
nitude of  the  cumulative  errors  in  any  class  of  leveling  is  furnished  by 
connections  with  tide  gauges,  large  circuits  of  leveling  of  that  class, 
or  numerous  connections  with  leveling  of  some  other  class. 

Similarly,  to  appreciate  the  true  significance  to  be  attached  to  a 
limit  of  error,  it  should  be  noted  that  it  is  essentially  a  sjaecification 
that  the  probable  errors  must  not  exceed  a  certain  value.  As  such,  it 
limits  the  errors  of  the  comi^ensatiug  class,  and  does  not  affect  the  far 
more  serious  errors  of  the  cumulative  class. 

Speed  and  Accuracy  of  Coast  and  Geodetic  Sifrvei/  Leveling,  1899- 
1900. — The  probable  errors  of  the  leveling  of  a  single  kilometer,  com- 
puted on  the  same  basis  as  the  values  in  Table  No.  21,  were,  for 
three  C.  &  G.  S.  parties  in  1899  on  three  lines  aggregating  a  total 
length  of  1  300  km.,  or  800  miles,  ±  0.86  mm.,  ±  0.8  mm.  and  ±  0.65 
mm.  The  office  computation  of  the  leveling  of  1900  has  not  yet  been 
begun,  and  the  1900  values  are,  therefore,  not  available,  biit  an  inspec- 
tion of  the  field  computations  indicates  that  the  i^robable  errors  will 
be  about  the  same  as  in  1899. 

The  foregoing  values  do  not  represent  the  best  that  the  instrument 
and  method  will  do,  for  the  following  reasons:  Knowing  that  the 
probable  error  and  the  limit  of  error  indicate  simply  the  magnitude  of 
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the  aceideutal  or  compensating  errors,  while  the  serious  errors  to  be  Mr.  Hayford. 
feared  in  the  leveling  are  of  the  cumulative  class  and  the  compensat- 
ing errors  comparatively  unimportant,  it  seemed  that  instructions  to 
the  observers  should  be  to  use  all  possible  efforts  to  guard  against 
(emulative  errors,  but  that  no  more  time  or  money  should  be  exjjended 
upon  the  work  than  was  necessary  to  keep  the  accidental  or  compen- 
sating errors  within  the  limit  indicated  by  a  computed  probable  error 
of  db  1  mm.  for  a  single  kilometer.  The  limit  4  mjn.y^ K  (in  which  K 
is  the  distance  between  adjacent  bench-marks  in  kilometers)  was 
chosen  as  being  about  right  to  insure  this  degree  of  accuracy,  in  so 
far  as  compensating  errors  are  concerned.  The  observers  were  not, 
however,  left  free  to  do  any  class  of  work  they  pleased,  subject  only  to 
the  condition  that  they  must  keep  inside  of  this  limit.  On  the  con- 
trary, they  were  told  to  crowd  the  limit,  so  to  speak,  by  lengthening 
the  sights  so  as  to  secure  increased  speed.  When  two  of  the  parties 
observed  in  such  a  cautious  manner  that  little  or  no  re-running  under 
the  limit  stated  was  necessary  they  were  promptly  reminded  that  they 
were  not  following  the  spirit  of  the  instructions,  that  too  much  caution 
was  being  used,  and  that  the  sights  shoiild  be  lengthened.  The  effect 
of  the  instructions  was,  therefore,  virtually  to  make  the  probable  error 
fall  between  ±  0.6  and  ±  1.0  mm.,  and  to  require  the  observer  to  use 
his  skill  and  judgment  in  increasing  the  speed  of  the  leveling  rather 
than  in  reducing  the-  probable  error.  From  the  foregoing  it  will  be 
seen  that  the  probable  error  secured  and  the  speed  attained  must  neces- 
sarily be  considered  together. 

The  general  experience  of  all  organizations  which  have  done  much 
precise  leveling  indicates  that  the  real  accuracy  of  the  leveling  dejiends 
upon  the  success  in  eliminating  the  cumulative  errors  rather  than  in 
reducing  the  accidental  errors.  The  question  maybe  asked:  Upon 
what  is  based  the  writer's  opinion  that  the  leveling  of  1899  and  1900  is 
of  a  very  high  degree  of  accuracy,  and  that  in  it  there  are  no  large 
cumulative  errors?  Since,  as  indicated  above,  and  elsewhere  in  this 
discussion,  the  probable  error  computed  from  the  residuals  on  the 
separate  sections  is  not  considered  a  measure  of  accuracy,  the 
writer  does  not  feel  absolutely  certain  of  the  grade  of  accuracy  of  the 
1899  and  1900  leveling,  and  will  not  feel  absolutely  certain  until  such 
leveling  has  been  subjected  to  severe  tests  by  being  involved  in  many 
circuit  closures.  Nevertheless,  the  confidence  that  this  leveling, 
when  subjected  to  such  severe  tests  later,  will  not  be  found  wanting, 
is  based  mainly  upon  four  facts  stated  as  follows,  in  increasing  order 
of  importance: 

1st.  A  careful  examination  of  the  1899  leveling  by  use  of  the  notes 
as  to  weather,  direction  of  sun,  direction  of  wind  and  direction  of  line, 
taken  by  the  parties  during  that  season,  shows  that  the  temperature 
errors  of  the  form  discovered  in  the  old  leveling  are  exceedingly  small, 
if  present  at  all,  in  the  new  leveling. 
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Mr.  Hayford.  2d.  Three  long  loops  of  single  line  were  run  in  Ohio  in  1899  by 
this  method,  their  circumferences  being  82,  112  and  87  km.,  and  the 
closing  errors  — 4.9,  -f-9.0  and  +9.3  mm.,  respectively.  This  is  a  very 
severe  test  of  the  method,  and  was  made  still  more  severe  by  running 
cross-lines  dividing  these  three  loops  into  nine  small  loops. 

3d.  Two  of  the  long  lines  run  in  1899,  namely,  the  line  from  Gib- 
raltar, Mich.,  to  Cincinnati,  Ohio,  and  the  line  from  Abilene,  Kans.,  to 
Sioux  City,  Iowa  (finished  in  1900),  are  now  involved  in  large  cir- 
cuits, and  the  results  indicate  the  correction  required  by  each  to  be 
exceedingly  small. 

4th,  and  most  important:  It  must  be  noticed  that  the  method  of 
observation  resembles  very  closely  in  all  essential  features  that  which 
has  been  used  by  the  Corps  of  Engineers  for  many  years,  and  of  which 
the  results,  judged  by  the  closing  errors  of  large  circuits,  the  most 
severe  test  which  can  be  applied  to  any  leveling,  are  unexcelled  in 
accuracy  up  to  the  present  time  by  any  leveling  in  any  country,  so  far 
as  the  writer  is  aware. 

It  may  be  noted  that  in  the  preceding  jsaragraphs  no  reference  has 
been  made  to  the  divergence  between  forward  and  backward  lines  as 
a  measure  of  accuracy.  The  writer  has  failed  to  observe  in  the  pub- 
lished results  of  leveling  any  relation  between  the  magnitude  of  the 
divergence  of  forward  and  backward  lines  and  the  accuracy  of  such 
lines  as  indicated  by  the  severe  tests  furnished  by  circuit  closures,  and 
he,  therefore,  believes  that  the  magnitude  of  such  divergence  should 
be  given  little  weight  in  measuring  the  accuracy  unless  the  divergence 
is  excessive.  It  is,  perhaps,  necessary  to  call  attention  especially  to 
the  fact  that  this  statement  is  limited  to  lines  which  are  run  by  the 
forward  and  backward  method,  in  which  the  effect  of  systematic  set- 
tling or  rising  of  the  rod  supports  is  given  an  opportunity  to  manifest 
itself  and  is  eliminated  from  the  results.  It  is  not  applied  to  double 
lines  in  which  both  the  components  are  run  in  the  same  direction.  The 
average  divergence  of  the  forward  and  backward  lines  for  the  three 
C.  &  G.  S.  parties  in  1899  were,  respectively,  0.20,  0.51  and  0.08mm. 
per  kilometer  of  double  line.  Divergences  of  the  same  magnitude  as 
these  may  be  found  in  many  lines  of  the  Cordis  of  Engineers  which 
have  subsequently  been  shown  by  circuit  closures  to  be  unsurpassed 
in  accuracy.  It  is  also  in  point  to  note  that  one  of  the  1899  lines,  hav- 
ing a  divergence  of  0.51  mm.  per  kilometer,  is  now  involved  in  the  cir- 
cuit, Abilene — Kansas  City — Sioux  City — Abilene,  which  has  closed  so 
well  as  to  leave  no  doubt  of  the  accuracy  of  the  line. 

In  stating  the  rapidity  of  observation,  the  number  of  minutes  per 
station,  speed  per  hour  and  speed  per  month  oflfer  convenient  bases  of 
comparison.  Seven  minutes  per  station,  which  is  said  by  the  author 
(page  895)  to  be  the  time  required  to  walk  between  stations,  set  up  the 
instrument  and  take  the  readings,  under  exceptionally  good  circum- 
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stances  -with  clear  steady  air,  seems  to  corresjiond  to  about  the  average  Mr.  Hayford. 
speed  for  C.  &  G.  S.  parties,  even  though  they  work  throughout  the 
day.  On  June  20th,  1900,  Mr.  O.  W.  Ferguson,  with  a  level  of  the  1899 
model,  observed  between  7.10  a.  m.  and  noon,  and  1,45  and  6.15  p.  m., 
total,  9  hours  and  20  minutes,  and  during  that  time  occupied  111 
stations,  or  an  average  of  5.0  minutes  per  station.  The  length  of  sight 
on  this  day  varied  from  a  little  less  than  40  to  about  80  m.  On  Septem- 
ber 26th,  1900,  the  party  under  Mr.  W.  H.  Burger,  using  a  level  of  the 
1900  model,  was  engaged  in  running  a  line  over  very  rough  ground,  on 
which  it  was  necessary  to  take  very  short  sights.  The  period  of 
observation  was  from  7.30  a.  m.  to  noon  and  from  1.40  to  5  p.  m.  The 
total  number  of  stations  during  the  working  jjeriod  of  7  hours  and  50 
miniites  was  102,  making  the  average  time  per  station  4.6  minutes. 

The  writer  does  not  know  that  these  are  the  best  examples  that 
could  be  given.  A  more  careful  examination  of  the  record  may  show 
still  more  rapid  work.  These  are  esjiecially  interesting  as  indicating 
how  rapidly  the  instruments  may  be  manipulated  and  the  observations 
taken,  in  the  very  simple  method  now  in  use,  and  will  probably  bear 
comparison  with  work  done  with  the  ordinary  Y -level. 

A  speed  of  one  mile  per  hour  is  not  at  all  unusual,  and  the  record 
shows  many  days  in  the  season  when  a  speed  of  1^  miles,  equal  to  2  km., 
per  hour  has  been  kept  up  for  several  hours,  and  even  throughout  the 
day.  For  exami^le,  a  party  in  charge  of  Mr.  B.  E.  Tilton,  ran  16.6  km., 
10.3  miles,  of  single  line  on  July  14th,  1899,  during  a  working  period 
of  7.4  hovirs,  or  at  an  average  rate  of  1.4  miles  per  hour.  The  length 
of  sight  on  this  day  varied  from  80  to  110  m.  with  an  average  of  about 
100  m.  The  best  single  mile  of  leveling  Avhich  has  yet  come  under  the 
writer's  notice  was  run  in  34  minutes  by  this  same  party. 

The  speed,  in  terms  of  completed  miles  of  leveling  per  month — and 
this  is  one  of  the  important  factors  in  fixing  the  average  cost  of  level- 
ing per  mile — was  as  follows  for  the  three  parties  operating  in  1899: 
In  Colorado  and  Wyoming  214  miles  were  completed  in  5.3  months,  or 
at  the  rate  of  40  miles  per  month;  in  Ohio  285  miles  were  completed  in 
5.8  months,  or  an  average  of  50  miles  per  month;  and  in  Kansas  and 
Nebraska  334  miles  were  completed  in  5.3  months,  or  an  average  of  63 
miles  per  mouth.  The  average  for  the  three  parties  is  51  miles  per 
month.  The  period  of  work  given  in  each  case  is  that  embraced 
between  the  first  day  on  which  observations  were  taken  and  the  last. 
These  figures  make  the  rate  of  progress  in  completed  miles  for  each 
day  that  the  party  was  in  the  field,  making  no  deductions  for  Sundays, 
holidays,  days  lost  on  account  of  rain  or  other  causes,  1.3, 1.6,  and  2.1, 
respectively,  or  an  average  for  the  three  parties  of  1.7.  A  completed 
mile  of  leveling  necessarily  means  at  least  2  miles  of  single  line,  and, 
upon  an  average,  represents  a  little  more  than  this,  on  account  of 
re -running  of  sections  on  which  the  discrepancy  fell  slightly  outside 
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Mr.  Hayford.  the  limit  4  mm.  y'  K.  Hence,  the  foregoing  values  indicate  that  the 
number  of  miles  of  single  line  per  day,  making  no  deduction  for  lost 
time,  was  about  3.4,  and,  assuming  that  loss  of  time  on  account  of 
Sundays,  bad  weather,  etc.,  was  25%',  this  means  that  the  rate  per 
actual  working  day  was,  ujjon  an  average,  about  4.5,  even  though  the 
first  runnings  of  sections  which  had  to  be  re-run  are  not  counted. 
The  average  rate  of  progress  for  1900  is  not  yet  known,  as  two  of  the 
parties  are  still  in  the  field.  The  present  indications  are  that  it  will 
exceed  the  average  speed  of  1899  by  10  to  20  per  cent. 

Cost.  — The  actual  cost  to  the  Government,  of  the  leveling  done  in 
1899,  is  as  follows,  in  round  numbers :  For  the  party  in  Colorado  and 
Wyoming,  S17  per  mile  =  $10  per  kilometer;  for  the  party  in  Ohio, 
$14  per  mile  =  $9  per  kilometer;  for  the  party  in  Nebraska  and 
Kansas,  $1 1  per  mile  ^  5^7  per  kilometer.  The  average  of  the  three 
parties  for  the  whole  season  is  f  13.55  per  mile  or  .$8.40  per  kilometer. 
These  figures  represent  the  actual  cost  of  the  leveling,  including  the 
establishment  of  the  bench-marks,  with  the  exception  of  the  first  cost 
of  instruments  and  the  cost  of  stationery  sujjplied  to  the  parties.  It 
includes  all  transportation  to  and  from  the  field,  paid  by  the  Govern- 
ment, the  cost  of  inspection  of  the  parties,  and  all  wages  and  salaries, 
including  chief  of  party  and  recorder.  The  salary  of  each  member  of 
the  i^ermanent  force  is  charged  to  the  leveling  for  the  whole  period 
during  which  he  was  engaged  upon  work  incidental  to  the  leveling. 
It  includes  the  time  spent  in  traveling  to  and  from  the  field,  and,  in 
one  case,  the  time  spent  in  preparing  for  the  field.  The  Government 
pays  its  permanent  employees  for  twelve  months'  work  per  year  and 
actually  secures,  on  an  average,  only  eleven  months,  the  annual  leave 
granted  being  one  month  per  year.  To  take  account  of  this  fact, 
one-eleventh  has  been  added  to  the  salary  actually  paid  each  officer 
during  the  time  he  was  connected  with  the  leveling  work.  The 
l^resent  indications  are  that  the  average  cost  per  mile,  of  the  leveling 
in  1900,  will  be  considerably  less  than  it  was  in  1899.  If  the  salaries 
of  members  of  the  ]3ermanent  force,  which  are  inckided  in  the  fore- 
going cost,  be  deducted,  and  this  is  not  unusual  in  computing  the  cost 
of  leveling,  the  average  cost  per  mile  for  1899  will  be  found  to  be  t9.33; 
and  i^er  kilometer  $5.79.  The  field  expenses  per  month  for  each  of 
these  parties  were  about  the  same.  The  principal  factors  which  vary 
are  the  speed  per  month  and  the  salary  of  the  observer.  The  condi- 
tions under  which  the  work  was  done,  for  these  three  localities,  also 
differed  considerably.  The  three  values  of  the  cost  are,  therefore, 
given,  not  as  a  comparison  of  the  parties,  but  as  an  indication  of  the 
extent  to  which  the  cost  per  mile  may  vary,  though  the  instruments 
and  methods  are  identical. 

The  cost  of  the  leveling  as  given  may  be  compared  with  that  given 
in  the  paper  (page  897),  namely,  $16  per  mile,  or  $10  per  kilometer, 
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not  inelmling  the  establishment  of  bench-marks;  or,  including  the  Mr.  Hayford. 
establishment  of  bench  marks,  $15  per  kilometer  or  .'^24  per  mile.  It 
may  also  be  noted  that  this  estimate  by  the  author  does  not  include 
the  traveling  expenses  to  and  from  the  field.  A  comparison  may  also 
be  made  with  the  values  given  in  the  paper*  by  H.  M.  "Wilson,  M.  Am- 
Soc.  C.  E.,  namely,  the  cost  of  from  ^19  to  ^32  jjer  mile  for  leveling 
by  the  Engineer  Corps.  Also  on  the  same  page  it  is  indicated  that 
265  miles  of  C.  &  G.  S.  leveling  cost  ^3  900,  or  an  average  of  $14.72  per 
mile  (not  ^10.94  as  there  printed).  This  estimate  of  the  cost  of  the 
old  C.  &  G.  S.  leveling,  namely,  ^15  per  mile,  is  probably  considerably 
less  than  the  average  cost  of  that  leveling,  salaries  of  observers  being 
included.  Also,  on  i^age  416  of  the  same  volume,  it  is  indicated  that 
1  000  miles  of  the  leveling  by  the  Engineers  along  the  Missouri  River 
cost  about  $20  per  completed  mile.  Throughout  the  j)i'eceding  para- 
graphs the  cost  is  given  for  a  completed  mile  of  leveling,  comprising 
at  least  two  runnings,  and  should  not  be  confounded  with  the  cost  per 
mile  of  single  line. 

In  each  of  the  comparisons  suggested  above  if  the  details  are  exam- 
ined it  will  surely  be  found  that  the  comparison  is  biased  against 
rather  than  on  the  side  of  the  new  C.  &  G.  S.  levels.  It  will  be  found 
that  in  general  some  of  the  items  involved  in  the  total  cost  to  the 
Government  have  been  omitted,  as,  for  example,  transportation  to  and 
from  the  field,  or  salaries  of  observers,  or  other  items. 


*  Transactions,  Am.  Soc.  C.  E.,  Vol.  xxxix,  p.  377. 


Rensselaer     \ 
/j^Polytech  n  ic^^% 
%%,^  Institute, 
%/       Troy,  N.Y. 

IjOoal  examinations  provided  for.  Send  for  a  Catalogue 


Louisville  Cement. 


The   undersigned  is   General   Agent  for  the  following  Standard  Brands  of 
Louisville  Cement : 

FALLS  SII1.L.S  (J.  Hnlme  Brand), 

BLiACK.  DIAMOND  MlLiIiS  (River),  Diamond  Brand, 
SPEED  MILLS,  Star  Brand, 

FALLS  CITY  MILLS,  Anclior  Brand, 

BLACK  DIAMOND  MILLS  (Railroad),  Diamond  Brand. 


This  Cement  has  been  in  general  use  throughout  the  West  and  South 
since  1830,  most  of  the  public  works  having  been  constructed  with  it.  Orders 
for  shipment  to  any  part  of  the  country,  by  rail  or  water,  will  receive  prompt 
and  careful  attention. 

Sales  for  1S93,  3,145,S6S  Barrels. 

WESTERN     CEMENT     COMPANY, 

247  W.  Main  St.,  Louisville,  Ky. 


The  Weber  Railway  Joint  Mfg.  Co. 


EMPIRE      BUILDING, 

71  Broadway,  New  York 

branches: 
Boston,  mason  bldg. 
Chicago,  old  colony  bldg. 
Baltimore,  equitable  bldg. 


J 


Manufacturers  of 


"T"  STEP  and  INSULATED 

OINTS. 


Pacific  Flush  Tank  Co. 

84  LA  SALLE  STREET,  CHICAGO,  ILL., 

MANUFACTURERS    OF   THE 

FOR  INTERMITTENT  FLUSH  TANKS. 


Used  for  Flushing  Street-Sewers. 

NO  MOVING  PARTS.      NO  JOINTS.      NO  LITTLE  TRAPS. 

RECEIVED  THE  HIGHEST  AWARD  IN  ITS  CLASS  AT  THE  WORLD'S 
COLUMBIAN   EXPOSITION  FOR 

Simplicity  of  Construction,  Effectiveness  and  Reliability. 

Salt  Lake  City,  Utah,  December  14,  1897. 
******  Flushing  with  the  hose  is  not  satisfactory  for  the  reason 
that  it  is  expensive,  and  owing  to  the  time  it  talies  to  get  over  the  system  the  laterals  are 
not  flushed  often  enough  to  Ijeep  them  clean.  The  laterals  flushed  by  siphons  are  in  much 
better  condition  than  those  flushed  with  the  hose.  The  Miller  Automatic  Siphons  that 
we  have  put  in  are  giving  entire  satisfaction,  and  in  my  opinion  they  are  the  most  efficient 
siphons  in  use.  (Signed)  ¥.  C.  K'EL&EY,  City  Engineer. 

EACH  SIPHON  GUARANTEED   ABSOLUTELY. 


Send  for  Illustrated  Catalogue. 


in 


FAIRBANKS' 

Patent  Automatic 
Cement  Testing  Machines. 


Descriptive  Circular  of  flachines  and  Appliances,  with  Prices, 
Forwarded  on  Application. 


The   Fairbanks  Company, 

311  BROADWAY,  NEW  YORK. 

ALBANY,  N.  Y.;    BALTIMORE,  Hd.;     BUFFALO,  N.  Y.; 

BOSTON,  Mass.;    PHILADELPHIA,   Pa.;  PITTSBURG,  Pa.;   NEW  ORLEANS,    La 

MONTREAL,  Que.;    LONDON,  England. 


IV 


CONTINUOUS  RAIL  JOINT  COMPANYJOMMCL 


908=911  Lawyer's  Building, 

NEWARK,  N.  J. 

Millions  in  use  on 
123  Eailroads. 

Fewest  parts  possi- 

Provides  for  the 

increased 

tonnage  up 

ifiPil  to  date. 


BEST    ECONOMICAL    RESULTS. 


GIANT  PORTLAND,  manufactured  by 

EGYPT  PORTLAND,  AMERICAN  CEMENT  CO.,  Egypt,  Pa., 

IMPROVED  UNION,  LESLEY  &  TRINKLE,  Sales  Agents. 

AND  UNION  CEMENTS.  22  &  24  South  15th  St.,     Philadelphia. 


(Connecting  Branch  Sleeve 

—  Tapping  Apparatus 

For  making  Large  Connections  without 

Shutting  Off  Water  or  Reducing  Pressure. 


This  is  no  experiment,  but  has  been  used 
by  the  Water  Departments  of  numerous 
cities  for  years  with  entire  success.     Con- 
nections from  2  to  *24  ins.  have  been  made  with  mains  from  4  to 
48  ins.     For  full  information,  address 

THE  A.  P.  SMITH    MFG.  CO.,  921  Prudeotial  Building,  Newarlc,  N.  J. 


The  Evening  Post  Job  Printing  House, 

FULTON   STREET,  CORNER   BROADWAY, 
NEW  YORK. 


PRINTERS    OF    PERIODICALS. 


KST^VBLISHED     1846. 


LARGKST   MANUFACTURERS   IN   AMBRICA   OF 

Civil  Engineers'  and  Surveyors'  Field  Instruments. 
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LATEST  CATALOGUE  MAILED  ON  APPLICATION. 


VI 


THE    F.  O.  NORTON    COMPANY, 


— MANUFACTURER    OF — 


92    BROADWAY,    NEW  YORK. 


Particularly  adapted  for  work  under  water,  for  which  use  it  is 
superior  to  the  best  Portland  Cement,  when  used  i  to  i. 

Certificates  of  tests  and  reports  on  actual  use  in  important  public 
works  furnished  on  application. 


OUR    LEADING 

Architects,  Engineers  and  Bnilders 

SPECIFY  AND  USB 

BROOKLYN    BRIDGE    BRAND 

ROSENDALE   HYDRAULIC   CEMENT. 

(    PARK  ROW  OFFICE  BUILDING— 30  STORIES. 
USED  EXCLUSIVELY  ON  ^     WALDORF-ASTORIA  HOTEL— LARGEST  IN  THE  WORLD. 

HAVE  SUPPLIED  FOR  NEW  YORK  CROTON  AQUEDUCT,  IN  1897  AND  1898,  165,000  BARRELS. 

^^LAS  Portland  Cement 

IS  THE  STANDARD 
AMERICAN    PORTLAND. 

The  U«  S.  Government  gives  it  preference  over  all  other  brands* 

ATLAS  PORTLAND  CEMENT  CO., 
J43  LBERTY  STREET,  NEW  YORK  CITY* 


IRONCLAD  PORTLAND  CEMENT 

Manufactured  by  Gi.exs  Falls  PnuixAND  Cement  Co. 

Sole  Selling-  Agent,  Commercial  Wood  &  Cement  Co., 

156   FIFTH   AVENUE,   NEW   YORK. 


High-grade  American 
PORTLAND  CEMENT 

unsurpassed  for  making 

Fine  Artificial  Stone. 
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44 


H 


15,000,000    Barrels 

OFFMAN    CEMENT 

Have  been  used  on  important  works  throughout  the 
United   States. 


No  OTHER  Cement  Company  can  show  such  a  Record. 


"DRAGON       PORTLAND 

Specified  by  Architects  and  Engineers  since  i88()  on  National,  Hunicipal 
and  Railroad  Improvements. 

Sales  Office,   No.    i    Broadway,   New   York. 


THE  LAWRENCE  CEMENT  COMPANY. 


ESTABLISHED    1S53. 

E.    R.    ACKERMAN,    PRES. 
Assoc.  Am.  Soc.  C.   E. 


LABORATORIES  OF  Dr.  CHAS.  F.  Mp.krnnh  22,  pearl  st.,  new  york. 

Successor  to  Dr.  GIDEON  E.  MOORE. 

DEPARTMENT  OF  CHEMISTRY.  Analyses  and  Assays  of  Ores,  Metals,  Waters  and  Natural 
and  Industrial  Products  of  every  description. 

DEPARTMENT  OP  PHYSICAL  TESTS.  Tensile,  Transverse  and  Compression  Tests  of  Iron,  Steel 
and  other  Metals  and  Alloys,  Cements,  Building  Stones  and  Engineering  Materials  generally. 


EST-A-BLISHED    1856. 


Warren  Foundry  and  MacMne  Co. 

WORKS  AT  PHILLIPSBURG,   NEW  JERSEY. 

SALES  OFFICE:   160  BROADWAY,    NEW  YORK. 


CAST-IRON,  WATER  AND  GAS  PIPE, 

Feom  3  TO  48  Inches  Diameter. 
Also  all  sizes  of  FLiANGfiO    PIPB  and  SPECIAL.   CASTINGS. 


MUllllllllllllllllllllllUllinillllUMiZ 


Improved  RIGID&  Sprihc  FRO(]5.(R05jiH(i5i  track  Work 
5mcLE£-THREE  Throw  Split  6witche5,|  [JS|^„^X'ffi 
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ALCATRAZ    ASPHALT 

Guaranteed  free  from  Coal  Tar  or  Petroleum  Residuum, 

^""^  Reservoir  Linings 

and  Pipe  Coatings. 


The  Alcatraz  Co. 

General  Offices :  Bryson  Block,  Los  Angeles,  Cal., 

and  Crocker  Building,  5an  Francisco,  Cal. 


ATLANTIC,  GULF  AND  PACIFIC  CO. 


Hydraulic  Dredge  dischargine  thronph  5.700  ft.  of  pipe. 
ENGINEERS    AND    CONTRACTORS 

Ceo.  W  .  CATT,  M  Ann.  Snc.  C.  E.,  M.  Inst.  C.  E.,  Pres.  c<t  Eng.  Thos.  I.  LONG,  M.  Am.  Soc.  C.  E.,  \'ice  Pres.  &  Engr. 

H.S.WOOD,  C.  E.,Sec.&Treas.  H.  KRUSI,  C.E.,  Pac.  Coast  Man.  R.  A.  PERRY.Supt 

SPECIAL.TIES:  Dredging,  Dredging  Machines.  Land  Reclamation,  Docks,  Piers,  Foundations,  Bridges. 

Correspondence  solicited. 
MA//V    OFFICE:    PARK    ROW    BUILDING,    NEW    YORK. 
PACIFIG    COAST  OFFICE:    220    MARKET   STREET,  SAN    FRANCISCO,  CA'- 


WEST  PASCAGOULA  CREOSOTE  WORKS, 

WEST  PASCAGOULA,  MISS. 
Situated  on  Pascagoula  Bay  and  on  the  line  of  the  Louisville  and  Nashville  Railroad. 

These  works  have  been  in  operation  for  more  than  twenty  years,  were  recently 
entirely  rebuilt  and  enlarged,  and  are  now  prepared  to  execute  all  orders  for  creosoted 
piles  and  timber  thoroughly  impregnated  with  dead  oil  of  coal  tar. 

New  cylinders  115  feet  long.     Capacity,  one  million  feet  per  month. 

Address   S.   W.    LABROT, 

SupT.  West  Pascagoula  Creosote  Works, 

West  Pascagoula,  Miss. 


IX 


ESTABLISHED  1872. 


F.  E.  BRANDIS  SONS  &  CO. 


MANTJFACTUEEES    OF 


Engineers'  and  Surveyors'  Instruments, 

814    GATES    AVENUE, 

BROOKLYN,      NEW     YORK. 


Catalogues  mailed  on  application. 


The  Rand  Drill  Company, 

Pioneers  in  RogI[  Drilling  and  Air  Compressing  Machinery, 

lOO    BROADWAY,   NEW  YORK, 

HAS  BEEN  AWARDED 

THREE    COLD    MEDALS 

AT   THE 

PARIS    EXPOSITION 
For  AIR  COnPRESSORS  and  ROCK  DRILLS. 

Eppinger  &  Russell  Co., 

CREOSOTING  WORKS, 

Dead  Oil  of  Coal  Tar  Process. 


Piles  and  Timber  treated  with  the  above  Oil  for  all  purposes, 
when  preservation  is  desired. 


Introduced  in  England  by  Mr.  Bethel  in  1838.  DEAD  OIL  OK  COAl,  TAK  is  the 
only  known  product  of  commercial  application  that  will  preserve  TI3IBER  FROM 
DECAY,  LAND  AND  MARINE  INSECTS. 

Our  Mr.  Valentine  has  had  practical  experience  since  1872,  and  we  have  specimens  of 
Piles  and  Timber  treated  by  him  in  1874,  which  are  in  use  to-day  and  are  in  a  perfect  state  of 
preservation.     AVe  liave  tlie  largest  and  best  equipped  plant  in  the  >vorld. 
Cylinders  100  ft.  long,  capacity  1,500,000  ft.  per  month. 
Direct  Water  and  Rail  Communications. 

MANHFACTUKEES   OF   THE 

Valentine  Electrical  Subway  Conduit. 

WORKS:  [  OFFICES: 

Foot  First  Street  and  Newtown  Creek,   I   ]^j:OI?.R.IS    BTJILlDngGr, 
LONG  ISLAND  CITY.  I  66  BROAD  ST.,  NEW  YORK. 

SEND  FOR  CIRCULARS  AND  PRICES. 


FOR    WATER     MAINS. 


Measurements  by  these  meters  are  as  accurate  as  any  that  can  be  made.    The  loss 
of  head  is  trifling. 

Meters  for  laboratories  of  Schools  and  Colleges. 

BUILDERS  IRON  FOUNDRV,  Providence,  R.  I. 

A.  J.   SNYDER   &   SONS, 

"CRfmNr^BRIlllDROSfllDmCfMlNT 

EspeciaUy  manufactured  for 

I]ytr»OR.TA]VT    EINOINEERIIVO    TTOPtlt, 

requiring  a  high  grade  testing  cement.    Over  30,000  barrels  were  used  on 
the  new  dams  for  the  Crotou  Aqueduct,  and  not  one  barrel  was  rejected. 

T/'l^pfssSr   HENRY  R.  BRIGHAM,  General  Agent, 

35  STONE  STREET,  NEW  YORK  CITY. 

Otis  Elevator  Company. 

HYDRAULIC, 

ELECTRIC  AND 

STEAM  ELEVATORS 

For  Passengers  and  Freight. 


NEW   YORK,  BOSTON, 

CHICAGO,  PITTSBURG, 

PHILADELPHIA,  SAN  FRANCISCO. 
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-^ENGINEERS, 8*- 

ADDRESS    THE    WORKS    DIRECT, 

JOHN  STREET,  WEST  NEW  BRIGHTON,  STATEN  ISLAND,  N.  Y. 

(ESTA.BLISHED     187-2), 

Make  a  specialty  of  Machinery  for  the  rapid  and  economical  handling  of  heavy  or 
bulky  materials,  as  well  as  Plans  for  Storage  Buildings  and  'Wharves. 

ENGINEERS  ARE  REQUESTED  TO  SEND  FOR  OUR  CATALOGUES. 
"Coal-Handling  Machinery,"  "Cable  Railways  for  Freight," 

"Conveyors"  Gravity  Bucket,  "Manilla  Rope"  Transmission, 

"Industrial  Railways."  "Coal  Handling  in  Power  Plants." 

EXTENT  OF  Asphalt  Pavements 

IN  THE  UNITED  STATES  AND  CANADA. 

Trinidad  Lake  Asphalt  Pavement,  21,527,415  square  yards,  or  90% 
Other  kinds  Asphalt  Pavement,        2,307,064  square  yards,  or  10% 


OF 


theJrinidad  lake  asphalt  pavenient 

10,000,000  square  yards,  or  nearly  50%, 

WAS  LAID  BY 

TH[  BiRBfB  iSPHIllT  PiyillG  COMPiNT. 

This  is  equal  to  about  650  miles  of  Roadway,  26  feet  wide. 

The  Asphalt  used  by  this  Company  is  from  the  famous 
Pitch  Lake  in  the  Island  of  Trinidad,  B.  W.  I. 

^^^^ Plans  and  Estimates  Furnished  on  Application. 

GKNEEAL   OFFICES  : 

LE  DROIT  BUILDING,     -        -        •     WASHINGTON,  D.  C. 

BOWLING  GREEN  BUILDING,  No.  II  Broadway,  New  York. 

F.  V.  GREENE,  President. 

SUPERIOR  GRAPHITE   PAINT 

For  BRIDGES,  A  STRUCTURAL 

ROOFS,    .         ^         IRON,    .... 

And  all  Exposed  Metal  or  Wood  Surfaces. 


'^'^^iTtiTsfinri^l         Detroit  Graphite  Mfg.  Co., 

^Sl'mlcX^'.  ^"".'^  ":  DETROIT.  MICH. 
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Q  &  W  fie  Plate 

ALTHOUGH  SOMETHING  NEW, 

Has    a    Record,    from    the   fact   that   it   is   a 
combination  of  the 

SERVIS  AND 
WOLHAUPTER 
PLATES 

CHICAGO  : 

700=713  Western  Union  Building. 

NEW  YORK: 

106  Liberty  Street. 
SAN  FRANCISCO: 

537   Mission  Street. 
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MINUTES  OF  MEETINGS. 


OF  THE  SOCIETY. 


December  5th,  1900 — The  meeting  was  called  to  order  at  8.45 
p.  M. ;  J.  James  E.  Croes,  M.  Am.  Soc.  C.  E.,  in  the  chair;  Charles 
Warren  Hunt,  Secretary;  and  present,  also,  78  members  and  17 
visitors. 

The  minutes  of  the  meetings  of  November  7th  and  21st  were 
approved  as  printed  in  Proceedings  for  November,  1900. 

A  paper  by  Ewald  Schmitt,  Assoc.  M.  Am.  Soc.  C.  E.,  entitled 
"  A  Direct  Method  of  Spacing  Rivets  and  Finding  the  Position,  etc., 
of  Stiffeners  in  Plate  Girders,"  was  presented  by  the  Secretary,  who 
also  presented  a  written  discussion  by  J.  W.  Schaub,  M.  Am.  Soc.  C.E. 

The  subject  was  discussed  orally  by  Messrs.  George  Devin,  H.  A. 
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LaChicotte,    Bernt  Berger,  O.  F.  Nichols,  F.  D.  Eliodes  and  F.  "W. 
Skinner. 

Ballots  were  canvassed,  and  the  following  candidates  were  declared 
elected: 

As  Membebs: 

Frederick  Haynes  Newell,  Washington,  D.  C. 
Allen  Newhall  Spooner,  New  York  City. 

As  Associate  Members: 

Egbert  Crary  Barnett,  Kansas  City,  Mo. 
Edmin  Guy  Helm,  East  St.  Louis,  111. 
Orval  Omar  McReynolds,  Pueblo,  Colo. 
Justin  Oakley  Reynolds,  New  York  City, 

The  Secretary  announced  that  the  following  candidates  were  elected 
by  the  Board  of  Direction,  December  4th,  1900: 

As  Associate: 
Wallace  King,  Jr.,  New  York  City. 

As  Juniors: 

Paul  Alexander  Blackwell,  St.  Louis,  Mo. 
Henry  de  Bretton  Forbes,  Durango,  Mexico. 
Henry  Garfield  Perring,  Little  Rock,  Ark. 
Louis  Downer  Tracy,  Allegheny,  Pa. 
William  Elisha  Pruett,  Kansas  City,  Mo. 
Alexander  Thomson,  Jr.,  New  York  City. 

The  Secretary  announced  that  at  the  meeting  of  the  Board  of 
Direction,  December  4th,  1900,  the  ballot  on  the  reconsideration  of 
Edgar  Day  Knap  was  canvassed,  and  that  Mr.  Knap  was  declared 
elected  as  an  Associate  Member. 

The  Secretary  announced  the  death  of  Henry  Wadsworth  Reed, 
elected  Member  January  6th,  1886;  died  October  26th,  1900. 

The  Secretary  announced  the  acceptance  of  the  following  resig- 
nations : 

Jared  Augustine  Smith,  elected  Member  May  2d,  1883. 
Porter  Dwight  Ford,  elected  Member  March  5th,  1890. 

Adjourned. 
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December  19th,  1900. — The  meeting  was  called  to  order  at  8.45 
P.  M. ;  Vice-President  Rudolph  Hering  in  the  chair;  Charles  Warren 
Hunt,  Secretary,  and  present,  also,  79  members  and  14  visitors. 

A  paper  by  J.  I.  Boggs,  Assoc.  M.  Am.  See.  0.  E.,  entitled  "Some 
Peculiar  Railroad  Bridge  Accidents,"  was  presented  by  the  Secretary. 

The  subject  was  discussed  by  Joseph  Mayer,  M.  Am.  Soc.  C.  E. 

The  Secretary  announced  the  death  of  William  Starling;  elected 
Member  September  7th,  1887;  died  December  11th,  1900. 

Adjourned. 

OF  THE  BOARD  OF   DIRECTION. 

(Abstract. ) 

December  4th,  1900. — 8.15  p.  m. — Vice-President  Noble  in  the 
chair;  Charles  Warren  Hunt,  Secretary;  and  j)resent,  also,  Messrs. 
Bensel,  Buchholz,  Knap,  Morison,  O'Rourke,  Schneider,  Seaman, 
Ricketts,  Turner  and  Whinery. 

The  Chairman  was  authorized  to  apjDoint  a  Committee  to  take 
charge  of  the  arrangements  for  the  Annual  Meeting. 

The  following  resignations  were  presented  and  accepted : 

Jared  A.  Smith,  M.  Am.  Soc.  C.  E. ;  Porter  D.  Ford,  M.  Am.  Soc. 
C.  E. 

Tlie  reconsideration  ballot  in  the  case  of  Edgar  Day  Knap  was  can- 
vassed by  the  Board,  and  Mr.  Knap  was  declared  elected  an  Associate 
Member. 

Applications  were  'considered  and  other  routine  business  transacted. 

One  Candidate  for  Associate  and  six  for  Junior  were  elected. 

Adjourned. 
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ANNOUNCEMENTS.   ■ 

In  accordance  with  the  resolution  of  the  Board  of  Direction,  the 
House  of  the  Society  is  open  every  day,  except  Sunday,  from  9  A.  M. 
to  10  P.  M. 

MEETINGS. 

Wednesday,  January  2d,  1901. — 8.30  p.  m. — A  regular  business 
meeting  will  be  held.  Ballots  for  membership  will  be  canvassed,  and  a 
paper,  entitled  "  The  Kinzua  Viaduct  of  the  Erie  Railroad  Company," 
by  C.  E.  Grimm,  M.  Am.  Soc.  C.  E.,  will  be  presented  for  discussion. 

This  pajper  is  printed  in  the  November  number  of  Proceedings. 

Wednesday,  February  6th,  1901. — 8.30  p.  m. — A  regular  business 
meeting  Avill  be  held.  Ballots  for  membership  will  be  canvassed,  and 
a  paper,  entitled  "  The  Adjustment  of  a  Transit  Survey  as  Compared 
with  that  of  a  Compass  Survey,"  by  Charles  L.  Crandall,  M.  Am.  Soc. 
C.  E. ,  will  be  jjresented  for  discussion. 

This  i^aper  is  printed  in  this  number  of  Proceedings. 

Wednesday,  February  20th,  1901 8.30  p.  m. — A  regular  meeting 

will  be  held,  at  which  a  jjaper,  entitled  "  The  Construction  of  Gravity 
Sand  Filters  at  Nyack,  N.  Y.,"  by  G.  N.  Houston,  Assoc.  M.  Am.  Soc. 
C.  E.,  will  be  presented. 

This  i^aper  is  printed  in  this  number  of  Proceedings. 

ANNUAL  MEETING. 

The  forty-eighth  Annual  Meeting  will  be  held  at  the  Society  House, 
January  16th  and  17th,  1901.  The  Business  Meeting  will  be  called  to 
order  at  10  o'clock  on  Wednesday  morning.  The  annual  reports  will 
be  read,  officers  for  the  ensuing  year  elected,  members  of  the  Nominat- 
ing Committee  ajipointed,  amendment  to  the  Constitution  considered, 
and  other  business  transacted. 

Messrs.  Joseph  O.  Osgood,  R.  S.  Buck,  Albert  Carr  and  Charles 
Warren  Hunt  have  been  appointed  a  Committee  of  Arrangements,  and 
are  preparing  a  j^rogramme  of  the  social  features  and  excursions, 

PROPOSED  AMENDMENT  TO  THE  CONSTITUTION. 

The  following  proposed  amendment  to  the  Constitution  has  been 
received  by  the  Secretary,  and  has  been  sent  to  the  Corporate  Members 
of  the  Society,  in  accordance  with  the  provisions  of  Section  2  of  Article 
IX  of  said  Constitution : 

"  Amend  Section  5  of  Article  II  by  adding  the  following: 
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"  The  Board  of  Direction  may  transfer  any  Junior  elected  prior  to 
March  4th,  1891,  to  the  grade  of  Associate.'''' 

This  amendment  is  proposed  by  George  S.  Morison,  S.  Whinery, 
Josepli  M.  Knap,  John  Bogart  and  C.  0.  Schneider. 

NOMINATING  COMMITTEE. 

Heretofore,  seven  members  of  the  Nominating  Committee,  one  from 
each  of  the  Geographical  Districts,  have  been  elected  annually  at  the 
Annual  Convention. 

The  amendment  to  the  Constitution  adopted  October  8d,  1900, 
provides  that  this  election  shall  take  place  at  the  Annual  Meeting. 

The  usual  blank  request  for  suggestions  as  to  representatives  of 
each  district  has  been  mailed  to  Corporate  Members,  and  the  result  of 
the  suggestions  made  will  be  reported  to  the  meeting. 

ANNUAL  CONVENTION  OF  1901. 

The  Thirty-third  Annual  Convention  of  the  Society  will  be  held  at 
Niagara  Falls,  N.  Y.,  on  Tuesday,  Wednesday,  Thursday  and  Friday, 
June  25th,  26th,  27th  and  28th,  1901. 


252 


CURRENT  TECHNICAL   LITEHATL'RE. 


[Society 


MONTHLY  LIST  OF   RECENT  ENGINEERING   ARTICLES  OF 

INTEREST. 

^November  14th  to  Deecmber  12th,  1900. ) 
Note.  —  T7iis  list  is  published  for  the  purpose  of  placing  before  the  members 
of  the  Societu  the  titles  of  current  engineering  articles,  ichich  can  he  referred 
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possible. 
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In  the  subjoined  list  of  articles  references  are  given  by  tlie  number  pre- 
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(3)  Journal,    Franklin    Inst.,    Philadel- 

phia, Pa..  50c. 

(4)  JoMcno?,  Western  Soc.  of  Eng.,  Mo- 
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T.H-11.,  Boston,  Mass.,  75c. 
<8)  Sterols  Institxte  Indicator,  Stevens 

Institute,  Hoboken,  N.  J.,  50c. 
{9)  Enqineering   Magazine,    New   York 
City.  30c. 
<io)  Cassier's  Magazine,  New  York  City, 

25c. 
(11)  Enaineering  (London),  W.  H.  Wiley, 

New  York  City,  35c. 
1 12)  The  Engineer  (London),  International 
News  Co.,  New  York  City,  35c. 

(13)  Engineering  News,  New  York  City, 

loi- 

(14)  The  Engineering  Record,  New  York 
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(is)  Kaiiroad   Gazette,   New  York  City, 
10c. 

(16)  En-aineering   and    Mining   Journal, 

New  York  City,  15c. 

(17)  Street  Railway  Journal,  New  York 

City.  35c. 

(18)  Railway   and   Engineering    Review, 

Chicago,  111. 
(19  Scientific  American  Supplement,  New 

York  City,  10c. 
{20)  Iron  Age,  New  York  City,  10c. 

(21)  Railway    Engineer,    London,     Eng- 

land. 

(22)  Iron  and  Coal  Trades  Review,  Lon- 

don. Enerland. 

(23)  Bulletin,  American  Iron  and  Steel 

Assoc,  Philadelphia,  Pa. 

(24)  American     Gaslight    Journal,    New 

York  Citv,  10c. 

(25)  American  Engineer,  New  York  City, 

20c. 

(26)  Electrical  Review.  London,  England. 
(27;  ElecTrical  World  and  Electrical  En- 
gineer, New  York  City.  10c. 

(28)  Journal,  New  Enarland' Water- Work 

Assoc,  Boston.  75c. 

(29)  Journal,   Society  of  Arts,   London, 

England. 

(30)  Annales    des    Travaux   Publics   de 

Belgique,  Brussels,  Belgium. 

(31)  Annales  deV  Assoc,  des  Ing.  Sortis 

des  Ec6le  Spiciales  de  Gand,  Brus- 


(32)  Memoirs  et  Compt  Rendu  des  Tra- 
vaux. Soc.  Ing.  Civ.  de  France, 
Paris.  France. 

{33)    Le  Ginie  Civil,  Paris,  France. 

(34)  Portefeuille    Econoniique    des    Ma- 

chines. Paris,  France. 

(35)  Nouveiles  Annales  de  la   Construc- 

tion.. Paris,  France. 

(36)  La  Revue  Technique,  Paris,  France. 

(37)  Revue  de  Mecaniinie.  Paris,  France. 

(38)  Revue  Generate  des  Chemins  de  Fer 

et  des  Tramways,  Paris,  France. 

(39)  Railway  Master  Mechanic,  Chicago, 

111. 

(40)  Railway  Age,  Chicago,  111.,  10c. 

(41 )  Modern  Machinery , Chicago.  111.,  10c. 

(42)  Transactions.  Am.  Inst.  Elec.  Eng., 

New  York  City,  50c. 

(43)  Annales    des    Pants    et    Chaussies, 

Paris.  France. 

(44)  Journal,    Military    Service    Institu- 

tion, Governor's  Island,  New  York 
Harbor,  75c 

(45)  Mines  and  Minerals,  Scranton,   Pa., 

20c. 

(46)  Scientific  American,  New  York  City, 

10c. 

(47)  Mechanical    Engineer,     Manchester, 

England. 

(48)  Zeitschrift  des  Vereines  Deutscher  In- 

genieure,  Berlin,  Germany. 

(49)  Zeitschrift  fUr  Bauwesen,  Berlin,  Ger- 

many. 

(so)  Stahl  und  Eisen,  Duesseldorf,  Ger- 
many. 

(Si)  Deutsche  Bauzeiiung,  Berlin,  Ger- 
many. 

(52)  Rigasche     Industrie- Zeitung,     Riga, 

Russia. 

(53)  Zeitschrift   des  oesterreichischen  In- 

genieur  und  Architekten   Vereines, 
Vienna,  Austria. 

(54)  Den   Tekniske  Forenings    Tidsskrift, 

Copenhagen,  Denmark. 

(55)  Ingenidren,  Copenhagen,  Denmark. 

(56)  Teknisk  Tidskrift,   Stockholm,    Swe- 

den. 

(57)  TekniskUgeblad. Christiania,Norway. 

(58)  Proceedings,  Eng.    Soc.    W.   Pa.,  410 

Penn  Ave.,  Pittsburg,  Pa.,  50c. 

(59)  Transactions,    Mining     Institute    of 

Scotland.  London  and  Newcastle- 
upon-Tyne. 

(61)  Proceedings,  Western  Railway  Club, 

225  Dearborn  St.,  Chicago,  111.,  25c. 

(62)  American    Manufacturer    and   Iron 

World,  59  Ninth  St.,  Pittsburg,  Pa. 

(63)  Minutes  of  Proceedings,  Inst.  C.  E  , 

London,  England. 


sels,  Belgium. 

Note.— There  are  no  references  made  in  this  month's  list  to  German  and  Swedish 
periodicals. 
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Bridge. 

A  Concrete  Arch  Railroad  Bridge.*    (15)  Nov.  16. 

The  StreiiKth  of  End  Joints  in  Wooden  Trusses.*    F.  E.  Kidder.     (14)  Nov.  17. 

The  WiUis  Avenue  BridKe,  New  Yorlv.*     (14)  Nov.  17. 

A  Kootwav  Suspension  Bridge  with  Three  Towers,  at  Easton,  Pa.*    H.  G.  Tyrrell.     (13) 

Nov.  2-2. 
The  Grasshopper  Creek  Viaduct.*    (14)  Nov.  24. 
The  Kijizna  Viaduct,*     ,15)  Nov.  30. 

Rebuilding  NiaKara\s  Cantilever.*    O.  E.  Dunlap.     (41)  Dee.  1. 
The  American  Bridge  Company's  New  Speciflcations.     (14)  Dec.  1. 
The  New  Kinzua  Viaduct.*     (14)  Dec,  1. 
The  Green  and  Goat  Islands  Concrete-Steel  Bridges  at  Niagara  Falls,  N.  Y.*    (13)  Dec. 

6. 
Design  and  Construction  of  Steel  Bridge  Work,  with  Particulars  of  a  Recent  Example 

in  Queensland.*    Clements  Frederick  Vivian  Jackson,  Assoc.  M.  Inst.  C.  E.    (63) 

Pt.  4. 

Electrical. 

Tiie  Relations  between  Electricity  and  Engineering.*  Sir  William  Henry  Preece,  Past- 
President.  Inst.  C.  E.     (63)  Pt.  4. 

The  Paris  Exposition  of  1900.    Carl  Hering.     U^)  Oct. 

Electro-CluMnis(ry.     (26)  Serial  beginning  Oct.  19,  ending  Nov.  16. 

The  E.  M.  F.  of  Alternators  on  Open  Circuit.  C.  C.  Hawkins.  (26)  Serial  beginning 
Oct.  26,  ending  Nov.  30. 

A  Comparison  of  English  and  American  Practice  in  Cable  Manufacture.  J.  Wright. 
(26)  Nov.  9. 

Electro-Chemistry  at  the  Paris  Exhibition.    H.  Boms.     (11)  Nov.  9. 

Electric  Tramways  in  Sydney,  N.  S.  W.*  Arthur  C.  F.  Webb.  (26)  Serial  beginning 
Nov.  9,  ending  Nov.  16. 

The  Inductance  of  Concentric  Cables.*    W.  H.  Everett.     (26)  Nov.  9. 

Combined  Engine  and  Dynamo.*    (12)  Nov.  9. 

Cutting  Structural  Iron  by  means  of  the  Electric  Arc.    J.  R.  Carvath.     (26)  Nov.  9. 

Electrical  Plant  at  the  Sneyd  Colliery.*    (26)  Nov.  9. 

The  Alternating  Current  Arc*  C.  Wiler.  (27)  Serial  beginning  Nov.  10,  ending  Nov. 
17. 

General  Electric  Company's  Foundry.*    C.  S.  Prince.     (62)  Nov.  15. 

The  Electric  Equipment  of  the  Sneyd  Colliery,  Burslem.*    (22^  Nov.  16. 

The  Telautograph.*    (26)  Nov.  16. 

Wireless  Telegraphy  with  Repeaters.    E.  Guarini  and  Lieut.  Poncelet.     (26)  Nov.  16. 

Lighting  the  Monumental  Gate  of  the  Paris  Exposition.*    (27)  Nov.  17. 

New  Legislation  AlTecting  the  Use  and  Misuse  of  Electricity.     (27)  Nov.  17. 

Some  Data  as  to  Central  Station  Costs.     (24)  Nov.  26.  (27)  Nov.  17. 

The  Development  of  the  Magneto-Telephone  Signal.*    N.  H.  Holland.     (27")  Nov.  17. 

The  Electric  Conduit  Railway — Its  Development  and  Construction.*  F.  G.  Cudworth. 
(17)  Nov.  17. 

The  Telegraph  System  of  Siberia.    H.  L.  Geissel.     (27)  Nov.  17. 

Interior  Wiring.    G.  C.  Allingham.     (24)  Nov.  19. 

Klectricity  at  Ardross  Castle.*    (26)  Nov.  23. 

The  Possitsilities  of  Electrical  Smoke  Deposition.    J.Wright.     (26)  Nov.  23. 

Electric  Power  on  the  (Jomstock  Lode.*  Wynn  Meredith  and  Wyatt  H.  Allen.  (27) 
Nov.  24. 

Tests  of  the  Electric  Plants  of  the  Battle-Ships  Kearsarge  and  Kentucky*  (27)  Nov.  24. 

The  Paderno,  Italy,  Transmission  Plant.*    (27)  Nov.  24. 

Ward-Leonard  Electric  System  of  Operating  Printing  Machinery.     (47)  Nov.  24. 

Brakes  for  Electric  Cranes.     (12)  Nov.  30. 

Electric  Traction  Equipment  of  the  Manhattan  Elevated— New  York  City.   (15)  Nov.  30. 

Relative  Advantages  of  Direct  Current  and  Three-Phase  Distribution  of  Small  Installa- 
tions.   Hardman  A.  Earle,  M.  I.  E.  E.     (  26 )  Nov.  30. 

Telegraphs  and  Telephones  at  the  Paris  Exhibition.  J.  Gavey,  M.  Inst.  C.  E.  (26)  Nov. 
30. 

Central-Station  Practice  in  England.*    Frank  C.  Perkins.    (9)  Dec. 

Electric  Locomotives.    H.  K.  Myers.     (45)  Dec. 

Electricity  at  the  Paris  Exhibition,  from  a  British  Point  of  View.*  C.  S.  Vesey  Brown. 
(lo)  Dec. 

A  Magneto-Electric  Telegraph  Sy.stem.*    (27)  Dec.  1. 

Latest  Electric  Train  on  the  Manhattan  Elevated.*    (27)  Dec.  1. 

Lighting  the  Alexander  III.  Bridge,  Paris.*    (27)  Dec.  1. 

Street  Lighting  by  Electric  Lamps  (with  special  reference  to  the  systems  in  use  at  Croy- 
don. England).*    F.  H.  Minshall.     (27)  Dec.  1. 

Ritchie's  Telautograph.*    (27)  Dec.  8. 

The  Albany  &  Hudson  Third-Rail  Road.*    (27)  Dec.  8. 

New  Telephone  Meter.*    (46)  Dec.  15. 

Transforming  Apparatus  at  the  Exposition  of  1900.*    (19)  Dec.  15. 

Le  Chateau  d'Eau  et  les  Fontaines  Lumineuses.*    {33)  Nov.  3. 

Les  Progr^s  Accomplisen  Electricity  par  la  Soci6t6  Helios,  de  Cologne-Ehrenfeld.*  (36) 
Nov.  10. 

Perfectionnements  R6cents  dans  la  Galvanisation  par  rfilectricitfi.*    (36)  Nov.  25. 

*  Illustrated. 
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Marine. 

A  Short  Description  of  the  Naval  Section  of  the  Nicolaieff  Dockyard.*     William  Gallon, 

Hunter,  Assoc.  M.  Inst.  C.  E.     (63)  Pt.  4. 
Russian  Warship  Novik  *    (12)  Nov,  Ki. 
The  Japanese  Battleship  Mikasa*    (11 )  Nov.  16. 
The  Messageries  Maritimes  at  the  Paris  Exhibition.*    (11)  Nov.  16. 
The  New  Battleships  of  the  United  States.*    (12)  Nov.  16. 
The  Armored  Cruiser  Jeanne  d'Arc*    (19)  Nov.  17. 
The  New  Battleships.*    (46)  Nov.  17. 

A  Composite  Torpedo  Boat:  Charles  R.  FUnt's  Arrow.     (20)  Nov.  22. 
Launch  of  a  Cruiser  and  a  Battleship.*    James  Dickie.     (13)  Nov.  32. 
Not«son  Recent  Improvements  in  Foreign  Shipbuilding  Plants.     (13)  Nov.  22. 
The  possibility  of  American  Competition  with  Foreign  Shipbuilders  in  Building  Large 

Ocean  Vessels.    Geo.  W.  Dickie.     (13)  Nov.  22. 
Performance  of  the  Russian  Cruiser  Variag.    Charles  H.  Cramp.     (20)  Nov.  29. 
Russian  First-Class  Battleships-Bororffwo  Class.*    (12)  Nov.  30. 
The  New  Armored  Cruisers  of  the  California  and  Maryland  Types.*    (46)  Dec.  1. 

Mechanical. 

Some  Existing  Gas-Driven  Power  Plants.*    Philip  Dawson.     (11)  Serial  beginning  Sept. 

7,  ending  Nov.  23. 
Pumping  by  Compressed  Air.*    Edward  A.  Rix.     (1)  Oct. 
Condensation  in  Steam  Cyhnders.*    Bryan  Dunkin.    (11)  Serial  beginning  Oct.  26,  ending 

Nov.  25. 
Transmission  of  Gas  and  Air  Through  Pipes    and  the  Transmission  of  Power  by  Com- 
pressed air,*    Frederick  W.  Gordon.     (2)  Nov. 
Gas  Engines  and  their  Fuel:  Facts  about  the  New  Prime  Power  Mover  read  at  Inter- 

national  Gas  Congress.  Paris.    Aime  Witz.     (62)  Nov.  15. 
The  Investigation  of  Gas  Processes.    A.  C.  Humphreys,  M.  Am.  Soc.  C.  E.     (13)  Nov.  15. 
Drop-Forging  Machines.*    (11)  Nov.  16. 
Special  Lathes  at  Paris.*    (11)  Nov.  16. 
Stone-Dressing  Machine.*    (11)  Nov.  16. 
250-H.-P.  GasEngme.*     (12)  Nov.  16. 
Coal  Dust  Firing.     (18)  Nov.  17. 

Steam  Engines  at  the  Exposition  of  1900.*    (19)  Nov.  17. 

The  Bethlehem  Patent  Treatment  for  High-Speed  Steel-Cutting  Tools.     (47)  Nov.  17. 
The  De  Laval  Patent  Steam  Tm'bine.*    (47)  Nov.  17. 
An  Apparatus  for  Experiments  in  Impact.*    Prof.  W.  K.  Hatt  and  W.  P.  Turner.     (15) 

Nov.  23. 
The  "Underfeed  "  Stoker.*    (22)  Nov.  23. 
Illummating  Gas  from  Sewage  Sludge.     (24)  Nov.  26. 
Experiments  on  the  Explosive  Power   of   Acetylene   Gas.*      Robert  H.  Fenn.     (13) 

Nov.  29. 
The  Allis  Mill  Engine,*    (20)  Nov.  29. 
Cranes  at  the  Paris  Exhibition.*    (11)  Nov.  30. 
Machme  tools  at  the  Stanley  Show.*    (11)  Nov.  30. 
The  "  Escalator  "'  or  Continuous  Elevator.*    (11)  Nov.  30. 
The  Size  of  Tinplate  Rolls.     (22)  Nov.  30. 

Machme  Tools  at  the  Paris  Exhibition.*    Joseph  Horner.     (10)  Dee. 
Machmery  in  Agriculture.*    George  Ethelbert  Walsh.     (10)  Dec. 
MotivePower  from  High-Furnace  Gases.*    Bryan  Donkin.     (9)  Dec. 
Pulverized  Fuel.*    (25)  Dec. 

The  Development  of  the  Gas  Engine.    Robert  S.  Ball,  Jr.     (10)  Dec. 
The  Steam  Automobile.*    J.  A.  Kingman.     (10)  Dec. 
The  Use  of  Blast  Furnace  Gases   in  Gas  Engines.    Prof.   Joseph  W.   Richards.    (3) 

Dec. 
The  Welsbach  Light.     (3)  Dec. 
Liquid  Air  Automobile.*    (46)  Dec.  1. 
Liquid  Fuel.    E.  L.  Orde.    (47)  Dec.  1. 
Multi-Cylinder  Gas  Engines.    C.P.Malcolm.     (41)  Dec.  1. 
The  Relative  Efficiencies  of  Triple  and  Quadruple  Expansion  Engines.*    A.  L.  Mellanby. 

(47)  Dec.  1. 
Why  Compounding  Gas  Engines  Failed.    H.  J.  Podlesak.     (4i)  Dec.  1. 
Difficulties  in  the  Construction  of  a  Concrete  Gasholder  Tank.*    F.  G.  Cockey.     (24) 

Dec.  3. 
Building  Mighty  Engines:  Westinghouse  Machine  Company's  Work  Aggregates  150  ODD 

Horse  Power.*    (62)  Dec.  6. 
Compressed  Air  Motors.    H.  D.  Cooke.     (62)  Dec.  6. 
Reminiscences  of  Early  High-Speed  Steam  Engineering.*    Charles  T.  Porter,  Hon.  M. 

Am.  Soc.  M.  E.     (i3)Dec.  6. 
An  American  Central-Valve  Steam  Engine.*    E.  T.  Adams,  M.  Am.  Soc.  M.  E.    (13)  ' 

Dec,  6. 
The  Oechelhaueser  Blast  Furnace  Gas  Engine.*    (20)  Dec.  6. 
American  Coal  Briquettes.*    (461  Dec,  8. 

Tests  of  the  Boiler  of  the  Purdue  Locomotive.*    W.  F.  M.  Goss.     (18)  Dec.  8. 
The  Serpollet  Steam  Automobile.*  (46)  Dec.  8. 

-^  *  Illustrated.  
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IVlechanical— (Continued'). 

N<^tf  ■!  on  I'uritiei-  ('utistruction.*    G.  P.  Lewis.     (24)  Dec.  10. 

A  N.>\v  Kliii>tical  Lathe.*    Prof.  C.  W.  MacCord.     (19)  Dec.  15. 

Le  Jloteur  Th<M-inique.*    R.  Diesel.     (37)  Oct. 

Machine  ;\  Vapeur  Compound,  k  Soupapes  SystSme  Radovanovic*    (34)  Nov. 

Metallurgical. 

The  Chlorination  of  Gold  Ores  at  Mount  Morgan,  Queensland.*    Ernest  Wllloughby 

Nardin.  Assoc.  51.  Inst.  C.  E.     (631  Pt.  4. 
Blowing  Engines.    William  E.  Snyder.    (58)  Sept. 

Iron  and  Phosphorus.     J.  E.  Stead.     (11)  Serial  beginning  Oct.  19,  ending  Nov.  3.5. 
A  Pig-liiin  Castintr  ^lachine  for  Small  Furnaces.*     (22)  Nov.  16. 
Speciticatioii  for  Jloulding  Sand.     (22)  Nov.  16. 
The  New  ^Maywood  Foundrv.*     (20)  Nov.  32. 
The  (^rth  Pig  Iron  Casting  :\Iachine.*    (20)  Nov.  29. 

The  Chemical  Phenomena  of  Puddling.    L.  Cubillo,  Assoc.  Inst.  C.  E.     (22)  Nov.  30. 
The  Chemistry  and  Physics  of  Cast  Iron.     (3)  Dec. 
A  Convenient  Petroleum  Furnace:  An  Economical  Apparatus  for  Ordinary  Forge  Work 

Used  by  Russians*    (62)  Dec.  6. 
The  Power"  Required  bv  Centrifugal  Blowers  for  Cupolas  and  Forges.    William  Sangster. 

Jun.  M.  Am.  See.  M.  E.     (13)  Dec.  6. 

Military. 

"The  Pom-Pom":  A  New  Element  in  Warfare.*    E.  L.  Zalinski.     (10)  Dec. 
Graphical  Comparison  of  the  Efficiency  of  Naval  Guns.*    (19)  Dec.  1. 
The  New  12-inch  Naval  Gun.*    (46)    Dec.  15. 
A  PYopos  du  Nouveau  Canon  Am6ricain  de  16  Pouces.     (36)  Nov.  25. 

Mining. 

Deepening  the  No.  2  Shaft  of  the  Rheinelbe  and  Alma  Colliery.*    (22)  Nov.  9. 

The  Explosion  of  the  Red-Ash  Colliery,  Fayette  County,  West  Virginia.*    W.  N.  Page. 
(i6^Nov.  17. 

The  Santa  Rita  Copper  Mines,  New  Mexico.*    W.  C.  Potter.     (16)  Nov.  17. 

Fatal  Accidents  in  Coal  Mining  in  North  America.    F.  L.  Hoffman.     (16)  Nov.  34, 

Obtaining  the  Volume  of  Small  Drifts  and  Working  Places.*     C.   S.   Herzig.  (16) 
Nov.  24. 

The  Telluride-Ores  of  Criople  Creek  and  Kalgoorlie.    T.  A.  Rickard.     (16)  Nov.  24. 

Newdigate  Colliery.    G.  E.  J.  McMurtrie.     (22)  Nov.  30. 

Dredging  for  Gold.*    W.  S.  Russell.     (45)  Dec. 

Graphical  Solution  of  Mining  Problems:  Methods  and  Apparatus  by  Which  the  Labor 
of  Calculation  Can  Be  Materially  Reduced.*    Leo  Gluck.     (45)  Dec. 

Notes  on  Hydraulic  Mining:  Practical  Point-;  Necessary  to  be  Considered  in  Carrying 
Water  in  Ditches,  Flumes,  etc.     (45)  Dec. 

The  Iron  Ores  of  British  Columbia.*    H.  Mortimer  Lamb.     (9)  Dec. 

Welsh  Mine  Cars:  A  D3tailed  Description  of  Some  of  the  Various  Types  of  Cars  in  Use 
in  South  Wales.    J.  Fox  Tallis.     (45)  Dec. 

The  New  Gold  Mill  at  RepubUc,  Washington.     (16)  Dec.  1. 

The  Southern  California  Oil-Fields.*    (16)  Dec.  1. 

The  Thew  Single  Truck  ShoveL*    (16)  Dec.  8. 

Machines  pour  I'Exploitation  des  Mines  et  Carrieres  et  pour  la  Construction  des  Tun- 
nels.*   (36)  Nov.  25. 

Municipal. 

Fallacies  in  Good-Road  Economics.    Ira  O.  Baker,  M.  Am.  Soc.  C.  E.    (13)  Nov.  15. 
Shell  Roads  in  Maryland.    (14)  Nov.  17. 
Oiled  Roads.    O.  W.  Longden.     C14)  Nov.  24. 

National  Gaod  Roads  and  Public  Imorovement  Convention  at  Chicago.     (13)  Nov.  29. 
The  Laying  Out  of  Towns  and  the  Planning  of  a  Model  Industrial  City.     (13)  Dec.  6. 
Eclairage  Intensif  par  le  Gaz  des  Pares  ei  des  Jardins  du  Champs-de-Mars  et  du  Troca- 
dero.*    (33)  Nov.  10. 

Railroad. 

Consolidation  Works  on  the  Palermo-Corleone  Railway.*    Robert  Jarratt  Money,  Assoc. 

M.  Inst.  C.  E.     (6.^)  Pt.  4. 
Economical  Railway  Construction  in  New  South  Wales.*    Henry  Deane,  M.  Inst.  C.  E. 

(63)  Pt.  4. 
The  Development  of  thf^  Manufacture  and  Use  of  Rails  in  Great  Britain.*    Sir  I.  Low- 

thian  Bell,  M.  Inst.  C.  E.     (63)  Pt.  4. 
The  Great  Central  Railway  Extension:  Northern  Division.*    Frederick  William  Bidder, 

M.  Inst.  C  E.     I  63 )  Pt.  4. 
The  Great  Central   Railway  Extension:    Southern  Division.*    Francis  Douglas  Fox, 

Assoc.  M.  Inst.  C.  E.     (63)  Pt.  4. 
The  Tocopilla  Railway.*    Robert  StirUng,  M.  Inst.  C.  E.     (6^>  Pt  4. 
The  Wear  of  Steel  Rails  in  Tunnels.*    Thomas  Andrews,  M.  Inst.  C.  E.     (63)  Pt.  4. 
Locomotives  for  Russian  State  Railways.*     ( 11 )  Nov.  9. 
Locomotives  of  the  New  Zealand  Government  Railways.*     (12)  Nov.  9. 

*  Illustrated. 
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Railroad — (Continued). 

New  Locomotives  for  the  "  Atlantic  City  Flyers."  (12)  Nov.  9. 
PuUmau  SleeoinK  Cars  for  the  Midland  Railway.*  (11)  Nov.  9. 
Notes  on  English  and  French  Compound  Locomotives.     Charles  Rous-Marten.     (47) 

Serial  beginning  Nov.  10,  ending  Nov.  24. 
A  Curious  German  Elevated  Railroad.*    (20)  Nov.  15. 
Swing-Beam  Trucks.     (15)    Nov.  16. 

The  Connel  Ferry  and  Ballachulish  Railway.     (12)  Nov.  16. 
The  Rebuilding  of  the  Chicago  &  Alton.     (40)  Nov.  16. 
TwoCyhnder  Compound  Locomotive  for  the  North-Eastern  Railway  of  Switzerland.* 

(11)  Nov.  16. 
Investigation  as  to  Virtual  Grades;  Canadian  Pacific  Ry.*     A.C.Dennis.     (13)  Nov.  22. 
Capacity  of  Railway  Wagons  as  Affecting  Cost  of  Transport.*    J.  D.  Twinberrow.    (11) 

Serial  beginning  Nov.  23,  ending  Nov.  30. 
Compressed  Air  Traction  in  New  York  City.*    (15)  Nov.  23. 
Italian  Express  Locomotive.*    (11)  Nov.  23. 
Recent  History  of  the  Atlanta  &  West  Point.*    (40)  Nov.  23. 
Saddle  Tank  Locomotive.*    (12)  Nov.  23. 
The  Accident  to  the  Sud  Express.     (12)  Nov.  23. 

Progress  of  work  on  the  Rapid  Transit  Tunnel,  New  York.*    (46)  Nov.  24. 
The  Terminal  Improvements  of  the  Chesapeake  &  Ohio  Ry.,  at  Richmond,  Va.*    (13) 

Nov.  29. 
An  Improved  Sand  Drier  and  Model  Sand  House.*    (40)  Nov.  30. 
A  Study  in  Locomotive  Fireboxes,  for  the  Benefit  of  Staybolts.*    F.  F  Gaines.     (25) 

Dec. 
Coal  Cars  of  80  000  Pounds  capacity,  Chicago,  Burlington  &  Quincy  Railroad.*    (25) 

Dec. 
Passenger  Locomotive  with  Wide  Firebox,  Burlington,  Cedar  Rapids  &  Northern  Rail- 
road.*   (25)  Dec. 
Twelve-Wheel  Two- Cylinder  Compounds,  with  Wide  Firebox  for  Soft  Coal,  Chicago  & 

Eastern  Illinois  Railroad.*    (25)  Dec. 
Two-Cylinder  Compound  Consolidation  Locomotive,  Minneapolis,  St.  Paul  &  Sault  Ste. 

Marie  Railway.*    (25)  Dec. 
Elevated  Railway  Cars  for  Brooklyn.*    (17)  Dec.  1. 

The  Repair  Shops  of  the  Brooklyn  Rapid  Transit  Company.*    (17)  Dec.  1. 
Merits  of  Steel  Cold  Drawn  Tubes.    Christian  Larsen.     (62  1  Dec.  6. 
The  Metropolitan  Undergroimd  Railway  of  Paris,  France.*     (13)  Dec.  6. 
Locomotives  of  the  Madison  Incline.*    (40)  Dec.  7. 
Some  Foreign  Four-Cylinder  Compound  Locomotives.*    (15)  Dec.  7. 
Mechanical  Integrator  and  Spring  Dynamometer.*    Max  H.  Wickhorst.     (18)  Dec.  8. 
La  Distribution  de  la  Vapeur  dans  "les  Cylindres  des  Locomotives  Compound.*    (36) 

Nov.  10. 
Les  Locomotives  k  TExposition  de  1900.*    (33)  Nov.  17. 

Sanitary. 

Water  Measurements  in  Connection  with  a  Test  of  a  Centrifugal  Pump  at  Jourdan 

Avenue  Drainage  Station,  New  Orleans,  La.*    W.M.White.     (1)  Oct. 
Refuse  Destruction  and  the  Displacement  of  Coal.    (22)  Nov.  9. 
Mechanical  Aids  to  Sewage  Purification.*    ( 12)  Nov.  16. 
Sewage  Disposal  at  Madison,  Wis.     (14)  Nov.  17. 
Electric  Lighting  and  Refuse  Destruction.     (12)  Nov.  23. 
A  Typical  Chicago  School  Heating  and  Ventilating  Plant.*     (14)  Nov.  24. 
Aldershot  Camp  Sewage  Farm.     ( 1 1 )  Nov.  30. 

Ventilation  and  Heating  of  the  Atlanta,  Ga..  Public  Library.*    (14)  Dec.  1. 
Bradford  Sewage  and  Its  Treatment.    (i4 )  Dec.  8. 

Structural. 

The  Pneumatic  Caisson  Foundations  for  the  Broad-Exchange  Building,  New  York  City.* 

(13)  Nov.  15. 
Civil  Service  Examination  Questions  for  Structural  Iron  Designers.*    (13)  Nov.  22. 
The  Hannibal  &  St.  Joseph  Shops  at  Hannibal,  Mo.*    (40)  Nov.  23. 
Licensing  Architects  and  Architectural  competitions.     (14)  Nov.  24. 
Expanded  Metal  and  Some  of  the  Uses  to  Which  it  is  Put.    James  S.  Merritt.     (3)  Dec. 
The  Peoria  Train-Shed.*    (i4»  Dec.  8. 

The  Practical  Value  of  Accelerated  Cement  Tests.     (14)  Dec.  8. 
Charpentes  BlStalliques  de  la  Salle  des  Fete.s  de  I'Exposition   de  1900.*     Pierre  Rey. 

^32)  Oct. 
Nouvelle  Methode  pour  TEssai  des  Materiaux.*    Ch.  Fremont.     (37)  Oct. 
NouveUes  Prisons  D6partementales  de  la  Seine,  a  Fresnes-16s-Rungis  (Seine).*    M.  H. 

Poussin.     (35)  Nov. 
La  Salle  des  Fetes  de  I'Exposition.*    (33)  Nov.  3. 

Topographical. 

Spirit  Levels  on  Engineer's  Field  Instruments.*    Harold  Van  Duzee.     (13)  Nov.  22. 
New  Method  of  Dividing  Surveying  Circles.*    John  Coleman  Fergusson,  M.  Inst.  C.  E. 
(63)  Pt.  4. 

*  Illustrated. 
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Water  Supply. 

New  York  Water  Supply.*    (12)  Nov.  9. 

Sedimentation  Tanks  v.-ith  Numerous  Circular  Overflow  Weirs;  Denver  Union  Water 
Co.*     ( 13)  Nov.  15. 

Detection  of  Waste  in  the  Water  Supply  of  Towns.*    (12")  Nov.  16. 

SpecificMtions  for  a  >Ieehaineal  Filter  Plant.     (14)  Nov.  17. 

The  St    Lawrence  Power  Company's  Plant  at  Massena,  N.  Y.*     (46)  Nov.  17. 

IMovinn  Water  Horizontally  by  Air  Lift  Pnmps  at  Point  Pleasant,  Pa.*    (13)  Nov.  22. 

Wood  Stave  Pipe  for  Force  Mains.     (141  Nov.  24. 

Annual  Meetintr  of  the  National  Irrigation  Congress.     (13)  Nov.  29. 

The  Cauvery  Power  Transmission  Scheme,  India.*     ( 13)  Nov.  29. 

Deterioration  of  the  Peoria  Standjiipe.*    A.  B.  Herrick.    (17)  Dec.  1. 

Reeves'  System  of  Filtration.*     (4?)  Dec.  1. 

The  Latest  Decision  Affecting  Underground  Water  Supplies,  Borough  of  Brooklyn,  New- 
York  City.     (13)  Dec.  6. 

The  Latest  Soundings  at  the  Break  in  the  Austin  Dam.*  Thomas  U.  Taylor,  Assoc.  M. 
Am.  Soc.  C.  E.     (13)  Dec.  6. 

Apple  River  Water  Power  Transmission.*    Walter  S.  Morton.     (27)  Dec.  8. 

The  Lower  Roxborough  Filter  Plant  at  Philadelphia.*    (14)  Dec.  8. 

Building  of  the  Great  Wachusett  Dam.*    J.  A.  Stewart.     (19)  Dec.  15. 

Irrigation  in  Victoria.    George  Gordon,  M.  Inst.  C.  E.     (63)  Pt.  4. 

The  Setting-out  of  Two  Tunnels  on  the  Elan  Aqueduct.*  Arthur  William  Brightmore, 
M.  Inst.  C.  E.    (63 )  Pt.  4. 

Waterways. 

The  Water-Jet  as  an  Aid  to  Engineering  Construction.    L.  Y.  Scherraerhom.     (2)  Nov. 

The  Debris  Pi-oblem  in  the  Sacramento  "Valley.     ( 14)  Nov.  24. 

The  Curtis  Bay  Coal  Pier— Baltimore  &  Ohio  Railroad.*    ( 15)  Nov.  30. 

The  Regulation  of  the  Yellow  River  in  China.*    William  Starling.     (9)  Dec. 

High-Water  Protection  Methods  on  Lower  Mississippi  River.     William  Joseph  Hardee, 

M.  Am.  Soc.  C.  E.     (19)  Serial  beginning  Dec.  1,  ending  Dec.  8. 
Experimental  Investigations  on  the  Action  of  Sea  Water  in  Accelerating  the  Deposit  of 

River  Silt  and  the  Formation  of  Deltas.    Leveson  Francis  Vernon-Harcourt,  M.  Inst. 

C.  E.     (63)  Pt.  4. 
On  the  Use  of  Monier  Pipes  as  a  Pile  Covering,  and  in  Place  of  Cast-iron  for  Cylinder 

Foundations.*    Ernest  Macartney  De  Burgh,  M.  Inst.  C.  E.     (63)  Pt.  4. 
The  Removal  of  the  Lytton  Rocks,  Brisbane  River.*    Edward  Alexander  CuUen,  Assoc. 

M.  Inst.  C.  E.     (63)  Pt.  4. 

*  Illustrated. 


DONATIONS  TO  THE  LIBRARY. 

From  Nov.  14th,  1900,  to  Dec.  I'iTH,  1900. 

Am.  Soc.  of  Mech.  Eugrs.    1  bound  vol..  Library  Bureau.     1  bound  vol. 

16  pam.  McMinn,  T.  J.    10  pam. 

Assoc,  dos  Engenheiros  Civ.  Portuguezes.  Mass.  State  Board  of  Health.    1  bound  vol. 

1  pam.  Merchants'  Assoc,  of  New  York.    1  pam. 

Blackmar,  A.  E.    1  vol.  Milne,  Peter.    1  vol. 

Brunner,  John.    1  bound  vol.  New  South  Wales  Ry.  Commrs.     1  bound 
Butler,  M.  J.    1  pam.  vol. 

Canada  —Dept.  of  Marine  &  Fisheries.    1  Oesterreichischer  Ingenieur  und  Architek- 

pam.  ten-Verein.    1  vol. 

Colo.  Agricultural  Exper.  Station.    8  pam.  Pratt  Inst.  Free  Lib.    1  pam. 

Conn.  Civ.  Engrs.  &  Suiw.  Assoc.    5  pam.  Rust,  C.  H.     1  bound  vol. 

Cordeiro.  C.  X.    3  pam.  U.  S.  Census  Office.    5  pam. 

Daniels,  G.  H.    1  bound  vol.  U.  S.  Navy  Dept.     1  vol. 

France— Ministere  des    Travaux    Publics.  U.  S.  State  Dept.    2  pam. 

1  vol.  Univ.  of  Illinois.    2  vol. 

Inst,  of  Civ.  Engrs     2  bound  vol.,  1  pam.  Whipple,  G.  C.     1  pam. 

International  Purification    Syndicate.      2  Wiley,  John  &  Sons.    1  bound  vol. 

pam.  Worcester  Polytechnic  Inst.    1  pam. 
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MEMBERSHIP. 


ADDITIONS. 

MEMBERS. 

Date  of 
Beckwith,   Fbank,  Membership. 

Res.  Eng.,  Iowa  Lines  of  C,  B.  and  Q.  R.  R.,  Burlington, 

Iowa Nov.     7,1900 

BoGGS,  Edward  Marshall, 

534  Stimson  Block,  Los  Angeles,  Cal June     6,  1900 

KoNDo,  Sentako, 

Care  of  Japanese  Consulate,  84  Bishopsgate  St.,  London, 

E.  C,  England Nov.     7,1900 

Newell,  Frederick  Hatnes, 

U.  S.  Geological  Survey,  Washington,  D.  C Dec.      5,  1900 

Rollins,  James  Wingate,  Jr., 

Firm,    Holbrook,    Cabot   &   Daly,    Room    1140,    Tremont 
Bldg.,  Boston,  Mass Nov.     7,1900 

associate  members. 
Baenett,  Robert  Crart, 

664  Gilbraltar  Bldg.,  Kansas  City,  Mo Dec.      5,  1900 

Kahn,  Julius,  i  Jun.  May    31,  1898 

Care  of  Frazar  and  Co.,  Yokohama,  Japan. . . .  j  Assoc.  M.     Oct.      3,  1900 
Knap,  Edgar  Day, 

Asst.    Engr.,     New    East    River    Bridge,    84  i  Jun,  Dec.      1,  1896 

Broadway,  Brooklyn,  N.  Y fAbSoc.  M.     Dec.      4,1900 

KoENiG,  Arnold  Charles, 

Civ.  and  Hydr.  Eng. ,  Grand  Island,  Neb Nov.     7,  1900 

Peitchard,  Philip  Morris, 

35  Chetwynd  St.,  Liverpool,  S.,  Eng June     6,  1900 

"Whiskeman,  James  Peter, 

Asst.  Eng.,  Cbf.  Engr.'s  Office,  L.  and  N.  R.  (  Jun.  Jan.    31,  1899 


R.,  Louisville,  Ky j  Assoc.  M.     Nov.      7,  1900 


associate. 
King,  Wallace,  Jr., 

Secy.,  United  Building  Material  Co.,  621  Broadway,  New 
York  City , Dec.     4,  1900 

JUNIORS. 

Grimm,  Henry  England, 

3213  Eads  Ave.,  St.  Louis,  Mo Oct.       2,  1900 

Perring,  Henry  Garfield, 

Care  of  Choctaw,   Oklahoma  &  Gulf  R.   R.   Co.,   Little 

Rock,  Ark Dec.     4,1900 
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CHANQBS  OP  ADDRESS. 

MEMBEBS. 

Becklbb,  Elbridge  Haklow 1838  Aldine  Ave.,  Chicago,  111. 

BissELL,  Frank  Edward 6325  Monroe  Ave.,  Chicago,  111. 

Carr,  Walter  Frank 2819  Dunbar  Place,  Milwaukee,  Wis. 

Davies,  John  Vipond Jacobs    and    Davies,   Cons.    Engrs.,    128 

Broadway,  Eoom  1209,  New  York  City. 

Fuller,  William  Barnard 97  Mt.  Vernon  St.,  Maiden  Station,  Boston, 

Mass. 

Haines,  Henbt  Stevens 147  Via  Frattina,  Rome,  Italy. 

Lawlor,  Francis  Denis  Hubert.  . .  .Port  Colborne,  Ontario,  Canada. 

Leland,  Warren  Allston Asst.  Eng.,  U.  S.  Eng.  Corps,  New  Brook- 
land,  near  Columbia,  S.  C. 

Macdonald,  Charles 247  Fifth  Ave.,  New  York  City. 

Miller,  Charles  Henry Eoom   1115,  Fullerton   Bldg.,   St.  Louis, 

Mo. 

Shanlt,  James  Moore 503   Merchants'    Bank   of  Canada  Bldg., 

Montreal,  Canada. 

Webster,  Charles  Edward Care  of  West  Branch  Valley  R.  R.,  Clear- 

field.  Pa. 

associate  members. 

Christian,  George  Lyon East  238th  St.,  Woodlawn,  New  York  City. 

Eldridge,  Griffith  Morgan  Supt.,  Tampa  Water  Co.,  Tampa,  Fla. 

GiLKEY,  Thomas  Alvin Care    of    Colorado    Fuel   and    Iron    Co., 

Pueblo,  Colo. 
Harrington,  John  Lyle Asst.  Eng.,  Bdgs.  and  Bldgs.,  B.  &  O.  R. 

R.  Co.,   Mt.  Royal  Station,  Baltimore, 

Md. 

Hakte,  Charles  Rufus 636  Main  St.,  Bridgeport,  Conn. 

Martin,  Kingsley  Leverich 84  Broadway,  Brooklyn,  N.  Y. 

Moore,  Walter  Sothoeon Eng.,  M.  of  W.,  C,  C,  C.   &  St.  L.  Ry., 

Galion,  Ohio. 

Shaw,  Enos  Larkin 2691  N.  Hermitage  Ave.,  Chicago,  111. 

Zarbell,  Elmer Camden,  Ala. 


JUNIORS. 

GiFFORD,  Lester  Robinson Johnstown,  Pa. 

Rockwell,  James  Vincent Care  of  Div.  Eng.,  C.  &  N.  W.  Ry.  Co., 

Boone,  Iowa. 

RuNYON,  William  Kerper ...   Ill  Central  Ave.,  Newark,  N.  J. 

Swindells,  Joseph  Springer Asst.  Eng.,  New  Croton  Dam,  17  Eastern 

Ave.,  Sing  Sing,  N.  Y. 
Tilgner,  Charles 800  Hancock  St. ,  Brooklyn,  N.  Y. 
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RESIGNATIONS. 

MEMBEKS. 

Date  of 
Resignation. 

FoED,  PoRTEB  D WIGHT Dec.      4,  1 900 

Smith,  Jaeed  Augustine Dec.     4,  1900 


DEATH. 

Reed,  Henky  Wadswoeth Elected  Member  Jan.  6th,  1886;  died  Oct. 

26th,  1900. 
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INDEX. 


ACKERMAN. 

AcKERMAN,  Eknest  Eobinson.  —  El- 
ected an  Associate,  142. 

Acoustics  of  the  Auditorium. — Report 
of  Committee  on,  34. 

Adam,  Robert.— Elected  a  Member, 
142. 

Adams,  Raymond  Edmond. — Elected  a 
Junior,  142. 

"Alban}'  Water  Filtration  Plant," 
read  and  discussed,  1. 

Aldrich,  James  Colwell. — Death  an- 
nounced, 95. 

AxLEN,  Walter  Hinds. — -Elected  a 
Junior,  142. 

AiiLEN,  William  Frederick. — Elected 
an  Associate  Member,  2. 

Alsop,  Edmund  Canby. — Elected  an 
Associate  Member,  2. 

Amendments  to  Constitution,  Dis- 
cussed, 31,  161,  189,  235;  Vote  on, 
216;  Adoption  of,  216;  Text  of, 
216. 

Announcements,  6,  69,  84,  96,  144, 
166,  201,  218,  234,  250,  251. 

Annual  Convention,  32d.  —  Discus- 
sion of  Time  and  Place  for,  45; 
Time  and  Place  announced,  144; 
Excursions  during,  164;  Minutes 
of,  159,  161,  183:  Attendance  at, 
165. 

Annual  Convention,  33d. — Discussion 
of  Time  and  Place  for,  161,  188; 
Time  and  Place  announced,  232. 

Annual  Meeting,  —Minutes  of,  3,  25, 
58:  Excursions  and  Entertain- 
ments at,  59;  Attendance  at,  60. 

Arentz,  Frederick  Christian  Hol- 
BERG.  -Elected  a  Member,  216. 

Aen,  William  Godfrey. — Elected  a 
Junior,  234. 

Atwood,  John  Ariel.  —  Elected  a 
Member,  2. 

Averill,  F.  L. — Correspondence  by, 
200. 

Bacon,    James  Hayward. — Elected  a 

Member,  2. 
Bailey,  George  I. — Discussion  by,  1. 
Bailett,  William    Melvin.-  -  Elected 

an  Associate  Member,  199. 


BAKER. 

Baker,  Sir  Benjamin. — On  Committee 
of  Arrangements  for  Annual  Con- 
vention, 144. 

Bakeb,  M.  N.— Address  by,  95. 

Baker,  Shiblet. — Elected  a  Junior, 
200. 

Baldwin,  Ward.  —  Discussion  by, 
217. 

Barbour,  Frank  Alexander. — Elected 
a  Member,  199. 

Bardol,  Frank  Valentine  Eehabd. — 
Elected  a  Member,  142. 

Barnett,  Robert  Ceaby.— Elected  an 
Associate  Member,  248. 

Basingeb,  James  Garnett. — Elected 
an  Associate  Member,  216. 

Bates,  Charles  Jarvis.— Resignation 
accepted,  5. 

Bayliss,  Rawlinson  T.— On  Commit- 
tee of  AiTangements  for  Annual 
Convention,  144. 

Beach,  Robert  James. — Elected  a 
Member,  142. 

Beard,  Edward  James. — Elected  a 
Member,  65. 

Beckwith,  Frank. — Elected  a  Mem- 
ber, 232. 

Bell  Alonzo  Clarence. — Elected  a 
Member,  82. 

Bell,  James  R.  —  On  Committee  of 
Arrangements  for  Annual  Con- 
vention, 144. 

Bell,  Sir  Lowthian. — Discussion  by, 
160. 

Bensel,  John  A. — On  Committee  on 
Library,  67. 

Benyaurd,  William  H.  H.— Death 
announced,  66. 

Benzenberg,  George  H. — Nominated 
as  Vice-President,  219. 

Berger,  Bernt. — Discussion  by,  248. 

Betts,  Romeo  Thompson. — Elected  an 
Associate  Member,  216. 

Binnie,  Sir  Alexander. — Discussion 
by,  159. 

Blackwell,  Paul  Alexander. — El- 
ected a  Junior,  248. 

Blanchard,  Arthur  Horace. — Elected 
a  Junior,  2. 

Board  of  Direction. — Report  of,  7. 


IV 


BODY. 

Body,  -John  Benjamin. — Elected  a 
Member,  142. 

Bokcklin,  W.,  Jr.— Discussion  by, 
200. 

BoGGS.  Edwakd  Marshall. — Elected 
a  Member,  158. 

BoGGs,  J.  I.— Paper  by   249. 

BoLLEE,  A.  P.  —Discussion  by,  83. 

BoLTox,  Reginald  Pelham. — Corre- 
spondence by,  159. 

Booth,  William  Henry.— On  Com- 
mittee of  Arrangements  for  An- 
nual Convention,  144. 

Bourne,  Thomas  Johnstone. — Elected 
an  Associate  Member,  65. 

Bradshaw.  Sam  Wigfall. — Elected  a 
Junior,  234. 

Breithaupt,  W.  H. — Discussion  by, 
141. 

Beiggs,  Josiah  a. — Nominated  as  Di- 
rector, 219. 

Brown,  Thane  Ross. — Elected  an  As- 
sociate, 234. 

Bruce,  Feed  William. — Elected  a 
Member,  94. 

Bryson,  Thomas  Bines. — Elected  an 
Associate  Member.  65. 

Buchholz,  C.  W.  —  On  Committee  on 
Library,  67. 

Buck,  Heney  Robinson. — Elected  a 
Junior.  158. 

Buck,  L.  L. — Discussion  by,  83. 

Buck,  R.  S. — Awarded  the  Thomas 
Fitch  Rowland  Prize,  27;  Discus- 
sion by,  93,  143. 

BuMSTED,  Eugene  Beadfoed.  —  El- 
ected a  Junior,  142. 

Burns,  Robert  Bruce. — Elected  a 
Member,  199. 

BuEE,  W.  H. — Discussion  by,  143. 

Caccia,  Julian  Edward.  —  Resigna- 
tion accepted. 233. 

Cameeon,  John  Bobbs. — Elected  a 
Junior,  234. 

Campbell,  Albeet  J.  — On  Committee 
of  Arrangements  for  Annual  Con- 
vention, 144. 

Campbell,  H.  H. — Discussion  by,  143. 

''  Canals  between  the  Lakes  and  New 
York,"  read  and  discussed,  231, 
232. 

Care,  A. — Discussion  by,  200. 

Carter,  Edward  C. — Nominated  as 
Director,  219. 

Cartweight,  Robert. —  On  Finance 
Committee.  67;  Presides  at  Meet- 
ing, 157;  Discussion  by,  157. 

Cement.  —  Proper  Manipulation  of 
Tests  of,  43,  99. 


CHANUTE. 

Chanute   Octave. — Paper  by,  217. 

Chase,  Richard  Davenpoet. — Elected 
an  Associate  Member,  216. 

Chlbas,  Eduardo  Justo. — Elected  a 
Member,  2. 

Childs,  Oliver  W.— Elected  an  Asso- 
ciate Member,  199. 

Chittenden,  Hieam  Maetin. — Elected 
a  Member,  65. 

Church,  George  Eael. — On  Com- 
mittee of  Arrangements  for  An- 
nual Convention,  144. 

Clarke,  Thomas  C. — Discussion  by, 
232. 

Clement,  Victoe  M. — On  Committee 
of  Arrangements  for  Annual  Con- 
vention, 144. 

"Coal  Hoists  of  the  Calumet  and 
Hecla  Mining  Company,  "awarded 
the  Collingwood  Prize,  27. 

CoATEs,  Frank  Raymond.  — Elected  an 
Associate  Member,  2. 

Cohen,  Mendes. — Offers  Resolution^ 
3;  Presides  at  Meeting,  58;  Dis- 
cussion by,  217. 

Colby,  A.  L. — Discussion  by,  160. 

CoLLiEE,  Bryan  Cheves. — Elected  an 
Associate  Member,  216. 

Collingwood  Prize. — Award  of,  27. 

Committee  on  Acoustics  of  the  Au- 
ditorium.— Report  of,  34. 

Committee  on  Arrangements  for  An- 
nual Convention,  144. 

Committee  on  Finance. — Members  of, 
67. 

Committee  on  Library. — Members  of, 
67. 

Committee  on  Nominations. — Elec- 
tion of,  161.  186;  Presents  List  of 
TS^ominees,  219. 

Committee  on  Proper  Manipulation 
of  Tests  of  Cement.— Report  of, 
4.3,  99. 

Committee  on  Publications. — Mem- 
bers of,  67. 

Committee  on  Status  of  Juniors. — Re- 
port of,  218. 

Committee  on  Uniform  Standard 
Time. — Resolution  in  reference 
to,  3;  Report  of,  38. 

Committee  to  Recommend  the  Award 
of  Prizes.  — Report  of,  27;  Ap- 
pointment of,  233. 

Comstock,  Charles  Worthington. — 
Elected  an  Associate  Member, 
65. 

CoNNOE,  Edwaed  Hanson. — Elected  a 
Member,  94. 

Coneow,  Herman.  —  Correspondence 
by,  58. 


COOLEY. 


DONATIONS. 


Coo  LET,   Lyman  E. — Correspondence 

by,  232. 
Coombs,  Uobkrt  Duncan,  Jk. — Elected 

an  Asaociate  Member,  65. 
•CoRREA,  Edward  Arnold. — Elected  a 

Member,    82;  Death   announced, 

199. 
CoBTHELL,  EjiMER  L. — Address  by,  4, 

45. 
CoBT,    Harrt    Thomas. — Elected    an 

Associate  Member.  82. 
CovERDALE,  WiLLLAM  HuGH.— Elected 

an  Associate  Member,  216. 
Creuzbaur, Robert  Walter. — Elected 

a  Member,  94. 
Croes,  J.  J.  R. — Discussion  by,  217; 

Nominated    as    President,    219; 

Presides  at  Meeting,  247. 
Cudworth,    Frank    Grant. — Elected 

an  Associate  Member,  2. 
CuLGiN,    Guy   Whitmore  —Elected  a 

.Junior,  82. 
Current  Technical  Literature,  17,  72, 

85,  131.  147, 107,  202,  220,  236,  252. 
Curtis,    William    Giddings.— Death 

announced,  199. 

Dana,  Richard  Turner. — Elected  a 
Junior,  200. 

Darrow.  Marius  Schoonmaker.  — 
Elected  a  Junior,  66. 

Dart,  Justus  Vinton.  —  Elected  a 
Member,  94. 

Davey,  Henry.— Discussion  by,  160. 

Davis  Frank*  Paul.  —  Death  an- 
nounced, 143. 

Davis,  William  Russell. — Elected  an 
Associate  Member,  142. 

Day,  Arthur  Mortimer. — Elected  a 
Juaior,  143. 

Deacon,  George  F.— Discussion  by, 
160. 

De  Courcy,  Bolton  Waller. — Death 
announced,  95. 

Deghuee,  J.  H. — Discussion  by,  157. 

"  Determination  of  Safe  Working 
Stress  for  Railway  Bridges  of 
Wrought  Iron  and  Steel,"  awarded 
the  Norman  Medal.  27. 

DE^^N,  George. — Discussion  by,  247. 

Deyo,  S.  L.  F. — On  Finance  Com- 
mittee, 67. 

Dillon,  Francis  Henry.  —Elected  an 
Associate  Member,  216. 

"  Direct  Method  of  Spacing  Rivets 
and  Finding  the  Position,  etc,,  of 
Stififeners  in  Plate  Girders,"  read 
and  discussed,  247. 

Dodge,  Richard  Despard. — Resigna- 
tion accepted,  5. 


Donations  to  the  Library,  207,  226, 
242,  257. 

DoRSEY,  Edward  Bates. — Death  an- 
nounced, 83. 

Drake,  Robert  Morris. — Elected  an 
Associate  Member,  82. 

Eayrs,  Norman  Wilder. — Death  an- 
nounced, 158. 

"Economic  Dimensions  for  a  Water- 
way from  the  Great  Lakes  to  the 
Atlantic,"  read  in  abstract  and 
discussed,  231,  232. 

Edwards,  Warrick  Rigeley. — Elected 
an  Associate  Member,  94. 

Elliott,  Howard. — Elected  an  Asso- 
ciate, 158. 

Ellis,  George  Ezra. — Elected  an  As- 
sociate Member,  82. 

Emerson,  George  Dana. — Death  an- 
nounced, 217. 

Endicott,  Mordecai. — Nominated  as 
Director,  219. 

Engineers,  Reception  of  American, 
159.  193. 

Enos.  George  Wallace. — Elected  a 
Junior,  82. 

Entertainments  at  Annual  Meeting, 
59. 

Evans,  John  Maurice. — Elected  an 
Associate  Member,  2. 

Evans,  Myron  Edward. — Elected  an 
Associate  Member,  65;  Appointed 
Teller  to  Canvass  Ballots  on  Pro- 
posed Amendment  to  Constitu- 
tion, 215. 

Evans,  Peter  Platter.— Elected  an 
Associate  Member,  82. 

Excursions  during  Annual  Meeting, 
59. 

"Experiments  on  the  Flow  of  Water 
in  the  Six-Foot  Steel  and  Wood 
Pipe  Line  of  the  Pioneer  Electric 
Power  Company  at  Ogden,  Utah, 
Second  Series,"  read  in  abstract 
and  discussed,  81. 

Farley,  Godfrey  Pearson. — Elected 
a  Member,  158. 

"Filtration  of  Water  for  Public  Use," 
discussed,  160. 

Finance  Committee. — Members  of,  67. 

Fish,  John  Charles  Lounsbury. — 
Elected  an  Associate  Member,  65. 

FitzGerald,  Desmond. — Presides  at 
meeting,  3,  25;  Address  by,  55. 

Flad,  Edward. — On  Nominating 
Committee,  161,  188. 

Fleming,  Sandford.— Correspond- 
ence by,  3,  38. 


YI 


FLYNN. 

Plynn,  Benjamin  Haeeison. — Elected 
a  Junior,  234. 

Forbes,  Heney  de  Bbetton. — Elected 
a  Junior,  248. 

Ford,  Porter  Dwight. — Resignation 
accejited,  248. 

"Foundations  of  the  New  Croton 
Dam,"  rend  and  discussed,  66. 

Fowler,  C.  E. — Correspondence  by, 
1. 

Pox,  .Sir  Douglas. — Address  by,  159, 
193;  On  Committee  of  Arrange- 
ments for  Annual  Convention, 
144;  Resolution  by,  159. 

Peancis,  George  B  —Paper  by,  58. 

Fbeeman,  Ernest  Grey. — Death  an- 
nounced, 83. 

Freitag,  Joseph  Kendall. — Elected 
an  Associate  Member,  2. 

French,  Alfred  Willaed. — Elected  a 
Member,  142. 

French,  Arthur  Willard. — Elected 
an  Associate  Member,  94. 

Peew,  Archibald  Smith. — Elected  a 
Member,  216. 

Peink,  Ellis  Alexandee. — Elected 
an  Associate  Member,  158. 

Fbitch,  Louis  Charlton. — Elected  a 
Member,  216. 

PuEKTEs.  E.  A.— Discussion  by,  95. 

Fuller,  George  W. — Correspond- 
ence by,  1;  Discussion  by,  160. 

Fuller,  William  B. — Discussion  by, 
1. 

PuEMAN,  J.  R. — On  Committee  of 
Arrangements  for  Annual  Con- 
vention, 144. 

Geeey,  Martin  Hughes,  Jr. — Elected 

an  Associate  Member,  158. 
GUiDERSLEEVE,  A.  C. — DiscussioH  by, 

83. 
GiLKEY,  Thomas  Alvin. — Elected  an 

Associate  Member,  217. 
Gillespie,       Richard      Henwood. — 

Elected   an    Associate    Member, 

217. 
Glasgow,  Arthur  Graham. — Elected 

a  Member,  2;   On  Committee  of 

Arrangements  for  Annual   Con- 
vention, 144. 
GoLDMARK,    Henry.— Discussion    by, 

93,  143,  157. 
Goldsmith,      Nathaniel      Oliver. — 

Elected    an    Associate  Member, 

158. 
Good  ALE,       Loomis      Paebington. — 

Elected  a  Member,  232. 
Goodrich,    Ernest  Payson. — Elected 

a  Junior,  94. 


GORDON. 

Gordon,  Robeet.  — On  Committee  of 
Arrangements  for  Annual  Con- 
vention, 144;  Kesignation  of,  218. 

Gould,  E.  Sherman. — Discussion  by, 
66. 

GowEN,  Charles  S  —Paper  by,  66. 

Graham,        Joseph  Marshall. — 

Elected  a  Member.  94. 

Grandy,  Albion  Lorenzo. — Elected 
an  Associate  Member,  94. 

Greene,  J.  N. — Discussion  by,  160. 

Geeiner,  J.  E. — Correspondence  by, 
143. 

Geiftith,  Lawrence. — Elected  an 
Associate  Member,  142. 

Grimm,  Henry  England. — Elected  a 
Junior,  234. 

Gudmundsson,  Gisli. — Elected  an 
Associate  Member,  2. 

GuTHEiE,  Edward  B. — On  Nomina- 
ting Committee,  161,  187. 

Haas,  Edward  Francis — Elected  an 
Associate  Member,  199. 

Haight,  Horace  De  Remer. — Elected 
a  Junior,  143. 

Haines,  H.  S.  —  On  Committee  of  Ar- 
rangements for  Annual  Conven- 
tion, 144;  Address  by,  159,  197; 
Nominated  as  Vice  President,  219. 

Hall,  Frederic  Francis. —Elected  a 
Junior,  158. 

Hallihan,  John  Philip. — Elected  an 
Associate  Member,  94. 

Hammatt,  William  Cbshing.  —Elected 
an  Associate  Member,  199. 

Harison,  Richard  Morley. — Resigna- 
tion accepted,  5. 

Harley,  Alfred  Francis. — On  Com- 
mittee of  Arrangements  for  An- 
nual Convention,  144. 

Haeeington,  Francis  Burchard. — 
Elected  a  Junior,  200. 

Hareoun,  Philip  Embury. — Elected 
a  Member,  82. 

Harte,  Charles  Rufus. — Elected  an 
Associate  Member,  142. 

Hasell,  Bentley  Douglas. — Death 
announced,  158. 

Hayden,  John  Bruce. — Elected  an 
Associate  Member,  142. 

Hayes,  Stanley  Wolcott. — Elected  a 
Member,  158. 

Hazen,  Allen.— Discussion  by,  1,  65; 
Paper  bv,  1;  Elected  a  Member, 
82. 

Hedrick,  Ira  Grant. — Elected  a 
Member.  232. 

"Height  of  Buildings,"  discussed, 
159. 


VII 


HELM. 

Helm.  Edwin  Guy.— Elected  an  Asso- 
ciate Member,  248. 

Hendrick.  Calvin  Wheeler. — 
Elected  a  Member,  232. 

Bering,  Rudolph. — Discussion  by,  1, 
83,  160,  199,  215;  Address  by,  3; 
Elected  Vice-President,  54;  Pre- 
sides at  Meeting,  66,  81,  83,  95, 
141,  160,  199,  215,  231,  232,  249; 
On  Committee  on  Publications, 
67;  Offers  Resolution,  162,  191 ;  On 
Committee  of  Arrangements  for 
Annual  Convention,  144. 

Herrick,  John  James. — Elected  an 
Associate  Member.  158. 

Hilgard,  K.  E.— Discussion  by,  160. 

Hill.  George. — Discussion  by,  1, 
65. 

Hill,  Theodore  William. — Elected 
an  Associate  Member,  82. 

HiMEs,  A.  J. —Discussion  by,  93. 

Hinds,  Frank  A. — Correspondence 
by,  232. 

*' History  of  the  Pennsylvania  Avenue 
Subway,  Philadelphia,  and  Sewer 
Construction  Connected  There- 
with," read  and  discussed,  83. 

Hook.  Charles  Addison. — Elected  a 
Member,  2. 

HoETON,  Theodore. — Elected  an  As- 
sociate Member,  94. 

HoBTON,  Thomas  Osboen. — Resigna- 
tion accepted,  5. 

HosKiNs,  Leander  M.— Paper  by,  81. 

Houston,  Gavin  Nelson. — Elected  an 
Associate  Member,  232. 

HovEY,  Otis  Ellis.— Elected  a  Mem- 
ber 2. 

HowE,  Charles  Edward. — Elected  a 
Junior,  82. 

Howe,  H.  H.  — Discussion  b3%  143. 

Howe,  H.  J.— Discussion  by.  217. 

Howell,  David  Janney. — Elected  a 
Member,   199. 

Hubbell,  Clarence  William.— Elect- 
ed an  Associate  Member,  94. 

Hudson,  Clarence  Walter.  ^ — Elected 
a  Member,  65. 

Humphreys,  Cltfton  Stewart. — El- 
ected an  Associate  Member,  142. 

HuNSiKER,  Millard. — On  Committee 
of  Arrangements  for  Annual  Con- 
vention, 144. 

Hunt,  Charles  Warren.- On  Com- 
mittee on  Library,  67;  Elected 
Secretary,  67;  On  Committee  of 
Arrangements  for  Annual  Con- 
vention, 144. 

Hunt,  R.  W. — Discussion  by,  159, 
160. 


HUNTER. 

Hunter,  Walter. — Discussion  by, 
160, 

Huntington,  Collis  P. — Death  an- 
nounced, 200. 

Huston,  Tillinghast  L'Hommedieu. 
— Elected  an  Associate  Member, 
142. 

fluTCHiNs,  Jeee  Chamberlain. — Elect- 
ed a  Member,  94. 

"Improvement  of  a  Portion  of  the 
Jordan  Level  of  the  Erie  Canal," 
read  and  discussed,  65. 

Informal  Discussions,  143. 

International  Congress  of  Navigation. 
— Announcement  in  reference  to, 
97. 

"Irrigation  Studies,"  read  and  dis- 
cussed, 199. 

Irwin,  James  Clark. — Elected  a  Mem- 
ber, 158. 

Ives,  Arthur  Stanley. — Elected  an 
Associate  Member,  2. 

Janney,  Thomas  Gordon.-  Elected  an 
Associate  Member,  217. 

Johnson,  Alexander. — Elected  an 
Associate  Member,  199. 

Johnson,  Rankin, — Elected  an  Associ- 
ate Member,  65. 

Johnson,  Thomas  H.— Elected  a  Di- 
rector, 55. 

Johnston,  Andrew. — Discussion  by, 
160. 

JoNSON,  Ernst  Fredrick. —Elected  an 
Associate  Member,  2;  Correspond- 
ence by,  141. 

Juniors. — Report  of  Committee  on 
Status  of,  218. 

Kahn,  Julius. — Awarded  the  Colling- 
wood  Prize,  27;  Elected  an  Asso- 
ciate Member,  217. 

Keller,  Charles  —Elected  a  Mem- 
ber, 82. 

Kelsey,  Clifford  Stephen. — Elected 
a  Member,  142. 

Kemna,  Dr.  Ad. — Discussion  by,  160. 

Kennedy,  James  Henry.— Elected  a 
Member,  142. 

Kennedy,  John. — On  Committee  on 
Library,  67. 

Kent,  J.  D. — Discussion  by,  200. 

Kenyon,  George  Cecil. — Elected  an 
Associate  Member,  94. 

King,  Wallace,  Jr. — Elected  an  As- 
sociate, 248. 

Kirby,  0.  J.  — Discussion  by,  159. 

Knap,  Edgar  Day.— Elected  an  Asso- 
ciate Member,  248. 


VIII 


KNAP. 

Knap,  Joseph  M. — Elected  Treasurer, 
55;  Nominated  as  Treasurer,  219. 

Knickerbacker,  John. — Elected  a 
Member,  2. 

KoENiG,  Arnold  Charles. — Elected 
an  Associate  Member,  232. 

KoNDo,  ISentaro. — Elected  a  Member, 
232. 

Kuichling,  Emil.— Discussion  by,  81, 
95;   Nominated  as  Director,  219. 

KuMMEE,  F.  A. — PajDer  by,  157;  Dis- 
cussion bj-,  157. 

La  Chicotte,  H.  A. — Discussion  by, 

248. 
Lamb,  Kichard. — Elected  a  Member, 

158. 
Lambert,  Wallace  Corliss. — Elected 

an  Associate  Member,  94. 
Landreth,     William   B. — Paper  by, 

65,  93;  Discussion  by,  65. 
Langton,  John. — Elected  a  Member, 

142. 
Latta,       Harrison      Wainwright. — 

Elected    an    Associate    Member, 

199. 
Lee,    Edward    Hekvey. —Elected     a 

Member.  158. 
Leeper,    John    Bigger. — Elected    an 

Associate  Member,  2. 
Leland,  Warren  Allston. — Elected  a 

Member,  216. 
Leutze,  T.  McC— xippointed  Teller  to 

Canvass  Ballot  tor  Officers,  2,  25. 
Lbweeenz,  Alfred  Courtnky. — Elect- 
ed an  Associate  Member,  158. 
Lewis,    Nelson   P. — On   Nominating 

Committee,   161,  187;  Presides  at 

Meeting,  200. 
Library,    Donations  to  the,  207,   226, 

242;  Announcements   relating  to 

the,  S,  201,  219,  257. 
Library  Committee.— Members  of,  67. 
LiBBMANN,  Alfred. — Elected  a  Junior, 

94. 
Lindenthal,      Dominik. — Death     an- 
nounced, 199. 
Lindley,  W.,  H.— Discussion  by,  160. 
Lion,  Leon  Elie.— Elected  an  Associ- 
ate Member,  94. 
Low,     Emile. — Correspondence     by, 

Low,  W.  A.— Discussion  by,  200. 

LowiNSON,  Oscar.  —Elected  an  Associ- 
ate Member,  65;  Discussion  bv, 
83.  ^ 

Lucas,  Eugene  Willett  Van  Court. 
—Elected  a  Member,  199. 

Luster,  William  HENRY.Jr. — Elected 
an  Associate  Member,  217. 


McCAUSTLAND. 

McCaustland,  Elmer  James.  — Elect- 
ed an  Associate  Member,  199. 

McComb,  Charles  Oscar. — Elected  a 
Member,  142. 

McCrea,  James  Alexander. — Elected 
an  Associate  Member,  232. 

Macdonald,  Charles. — Discussion 
by.  83. 

McDonald,  John  A. — On  Committee 
of  Arrangements  for  Annual 
Convention,  144. 

McGee,  Van  Norman.— Elected  an 
Associate  Member,  158. 

McGregor.  E.  A— Discussion  by,  93. 

McKeevek,  William.— Elected  a 
Junior,  2. 

MacLeod,  John.— Death  announced, 
66. 

McMinn,  T.  J.— Acts  as  Secretary,  95, 
199.  232. 

McReynolds,  Oeval  Omar.  Elected 
an  Associate  Member,  248. 

Magor,  Henry  Basil. — Elected  an 
Associate  Member,  82;  Discus- 
sion by,  93. 

Maignen,  p.  a. — Discussion  by,  1. 

Manley,  Henry.  —On  Finance  Com- 
mittee, 07;  On  Committee  of  Ar- 
rangements for  Annual  Conven- 
tion, 144. 

Marburg,  Edgar. — On  Nominating 
Committee,  161,  187. 

Marx,  Charles  D.     Paper  by,  81. 

Mason,  Francis. — Elected  a  Junior,  94. 

Mason,  William  P.  -Discussion  by, 
1. 

Matthes,  Gerard  Hendrik. — Elect- 
ed an  Associate  Member,  158. 

Mater,  Brantz. — Elected  a  Junior, 
234. 

Mayer,  Joseph. — Paper  by,  231;  Dis- 
cussion by,  249;  On  Committee  to 
Recommend  the  Award  of  Prizes, 
233. 

Maxim,  Hiram  S. — On  Committee  of 
Arrangements  for  Annual  Con- 
vention, 144. 

Mead,  Elwood. — Paper  by,  199. 

Melville,  George  Wallace. — El- 
ected an  Honorary  Member,  5. 

Membership.— Additions,  23,  79,  90, 
137,  152,  175,  211.  227,  243  258; 
Changes  of  Address,  91,  138,  154, 
178,  212,  229,  244,  259;  Deaths,  24, 
80,  92,  140,  156,  182,  214,  246,  260; 
Resignations,  24,  230,  246,  260. 

Merbiman,  Mansfield. — Discussion 
by,  143,  199. 

Miller,  A.  M. — Discussion  by,  1. 

MiLiiis,  John. — Elected  a  Member,  82. 


IX 


MINOE. 

MiNOB,  Edward  Eastman. — Elected  a 

Junior,  143. 
Minutes   of  Annual  Meeting,    3,  25, 

.58. 
Minutes  of  Meetings  of  the  Board  of 

Direction.  5,  67,  83,  95,  U3,  163, 

200,  218.  233.  249. 
Minutes  of  Meetings  of  the  Society.  1, 

2,  25,  58,  65,  66,  81,  82,  93,  94,  95, 
141,  142.  143.   157.  183.  199,  200, 

215,  217,  231,  232,  247,  249. 
MoFFET,    James    David. —  Death    an- 
nounced, 66. 
MoissEiFT,    Leon    Solomon. — Elected 

an  Associate  Member,  199. 
MoLER,  William  Griefith. — Elected 

an  Associate  Member,  2. 
MoLiTOK,  David  A. — Paper  by,  215. 
MoNCRiEFF,  J.  M.  — Paper  by,  141. 
MoNCDRE,  William. — Elected  a  Mem- 
ber, 142. 
Monro,        Thomas. — Correspondence 

by,  232. 
Monthlv  List  of  Recent  Engineering 

Articles   of  Interest.    17,   72,  85, 

131,  147,  167,  202.  220,  236,  252. 
MoNTONY,  L.  G. — Paper  by,  200. 
MooRE,  Robert. —On   Committee   on 

Library,  67. 
Moore,   Walter  Sothoron.— Elected 

an  Associate  Member,  82. 
Morse,  Edwin   Kirtland.— Elected  a 

Member,  158. 
Moses.     Percival    Robert. — Elected 

an  Associate  Member,  217. 
Moss,  Robert   Edward. — Elected  an 

Associate  Member,  142. 
Murphy,  Edward  Charles. — Elected 

an  Associate  Member,  199. 
Myers,  J.   H.,  Jr — Appointed  Teller 

to  Canvass  Ballots   on   Proposed 

Amendment      to      Constitution, 

215. 
Myers  Bes WICK,      William      B. — On 

Committee  of   Ai-rangements  for 

Annual  Convention,  144. 

Nelson,    William. — Elected    an    As- 
sociate Member.  158. 
New  Books  of  the  Month,  22,  78,   135, 

151.   174,  206,  225.  242. 
Newell,  Frederick  Haynes. — Elected 

a  Member,  248. 
"Niagara    Railway    Arch,"  awarded 

the  Thomas  Fitch  Rowland  Prize, 

27. 
Nichols,    Charles    Henry. — Elected 

an  Associate  Member,  142. 
Nichols,  O.  F. — Discussion  by,  157, 

248. 


NINETY  SIXTH. 

"  Ninety-sixth  Street  Power  Station  of 
the  Metropolitan  Street  Railway 
Company,  of  New  York  City," 
read  and  discussed,  200. 

Noble,  Alfred. — Elected  Vice-Presi- 
dent, 54;  On  Committee  on  Pub- 
lications, 67. 

Nominations,  Committee  on.  — Report 
of  the  Board  of  Direction  in  Mat- 
ters Relating  to  the,  3,  28;  Elec- 
tion of.  161,  186;  Presents  List 
of  Nominees,  219. 

Nominations,  Committee  on. — Map 
showing  Territory  divided  into 
Geographical  Districts  for  the 
purposes  of.  146. 

Norman,  George  H.  —  Death  an- 
nounced,  66. 

Norman  Medal. — Award  of,  27. 

North,  Edward  P. — Presides  at  meet- 
ing, 1;  Discussion  by,  65,  95,  217, 
232. 

Oakley.  Frank  Thompson. — Elected 
a  Member,  158. 

OcKEiiSON.  J.  A. — Correspondence  by, 
3,  29;  Offers  Resolution,  162,  189, 
191. 

O'DoNNELL,  John  P. — On  Committee 
of  Arrangements  for  Annual  Con- 
vention, 144. 

O'Hanley,  J.  L.  Power.— Correspon- 
dence by,  95. 

Olmstead,  Frank  Henry. — Elected  a 
Member,  65. 

Olney,  Robert  Blum. — Elected  an 
Associate  Member,  199. 

"On  the  Flow  of  Water  Over  Dams," 
read  and  discussed,  95. 

O'RouRKE,  J.  F— Discussion  by,  1; 
Elected  a  Director,  55;  On  Com- 
mittee on  Publications,  67. 
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Compass  Survey. 


The  method  of  adjustment  of  the  latitudes  and  departures  of  a. 
compass  survey  by  Dr.  Bowditch's  rule,  distributing  the  error  in 
latitude  proportionately  to  the  lengths  of  the  sides,  and  similarly  for 
the  departures,  is  familiar  to  all  civil  engineers  and  surveyors. 

The  fundamental  i^rinciples  upon  which  it  is  based,  and  the 
assumption  which  was  made  to  render  the  rule  simple,  are  not  so 
generally  known. 

The  main  stejjs  are  readily  traced.     The  latitude  equation  is 

L  =  I  COS.  B (1) 

where  L  =  latitude,  I  —  length  of  side,  and  B  =  bearing. 

If  this  equation  be  differentiated  first  with  respect  to  /  and  then 
with  respect  to  B,  it  will  give  the  effect  upon  the  latitude  of  a  small 
change  in  distance,  or  of  a  small  change  in  bearing. 

Note. — These  papers  are  issued  before  the  date  set  for  presentation  and  discussion. 
Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting,  and  may  be 
Bent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will  be  published  in  a 
subsequent  number  of  Proceedings,  and,  when  finally  closed,  the  papers  with  discussion 
in  full  will  be  published  in  Transactions. 
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Thus,  (/L'  =  dl  COS.  B. 

dL"  =  — I  sin.  B  dB. 
Tbe  uncertainty,  or  error  as  it  is  usually  called,  in  latitude,  due  to 
the  combined  effect  of  an  uncertainty  in  distance  and  also  in  bearing, 
is  equal  to  the  square  root  of  the  sum  of  the  squares  of  the  effects  due 
to  each  separately,  where  positive  and  negative  errors  are  equally 
probable.  Thus,  if  ?•,  =  the  error  in  distance,  replacing  dl,  r ^=  the 
error  in  bearing,  replacing  d  B,  the  corresponding  error  in  latitude 

squared, 

r-  =:  r',  cos."  B  -{-  f  r'^  sin."  B (2) 

Por  the  departure, 

D  =  Ism.  B (3) 

Differentiating  and  substitiiting  as  above, 

r~  =  r\  sin.-  B  -\-  I'-  r'-  cos."  B (4) 

Dr.  Bowditch  assumed, 

r'j  =  r'^  l~  :=  I  X  constant  =  I  C (5) 

which  reduces  equations  (2)  and  (4)  to 

r^  =  r^  ^IC (6) 

L  D  ^    > 

i.  e.,  the  squares  of  the  uncertainties,  or  probable  errors,  in  latitude 
and  in  departure,  are  proportional  to  the  lengths  of  the  sides. 

In  the  Method  of  Least  Squares  it  is  shown  that  the  most  probable 
corrections  will  be  those  the  sum  of  whose  squares  is  a  minimum  after 
each  correction  has  been  divided  by  its  probable  error;  /.  e.,  if  the  cor- 
rections in  latitude  for  the  different  sides  be  denoted  by  Vy,  i'.„  v.^. . .  ., 
we  shall  have 


-r  +  "7^  -{-  -7-  -f-  - .  .  ■  =  minimum. 


Differentiating, 

llavi+  -^dv,-\-  ^dv^-i-  ....  =-0 (7) 

Since  the  sum  of  the  corrections  must  equal  the  total  error  in  lati- 
tude with  its  sign  changed,  a  constant, 

*'l  +  ^2  +  ^3  -f    •  ■  ■  ■    =  ^•• 

Differentiating, 

dvy-^  dv.,+  dvs+ =0 (8) 

Comparing  (7)  and  (8),  and  remembering  that  each  must  hold  what- 
ever the  number  of  sides,  or  ^'s,  we  have 

ill  _  J!?  _  3  _  (o) 
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/.  e.,  the  corrections  in  latitude  are  proportional  to  the  lengths  of  the 
sides,  according  to  the  old  rule. 

The  same  demonstration  will  hold  for  the  corrections  in  dejaarture. 

The  interesting  point,  in  this  connection,  is  the  assumption — 
Equation  (5) — made  by  Dr.  Bowditch  that  the  probable  error  in 
chaining  equals  the  probable  error  in  bearing  (in  7r-measure)  multi- 
plied by  the  distance,  and  increases  as  the  sqiiare  root  of  the 
distance. 

The  inaccuracy  of  chaining  is  usually  spoken  of  as  proijortional  to 
the  distance,  but  in  comparing  the  different  lines  of  a  survey  measured 
with  the  same  chain,  the  square  root  of  the  distance  as  assumed  above 
is  more  nearly  correct.  Assuming  an  uncertainty  which  would  amount 
to  1  ft.  in  500,  which  is  not  unreasonable  for  compass  work,  we  would 
have  from  (5) 

r^^  ==  1  =  V  500  C    ;   or  C  =.  0.0447, 

,_  0.0447 

from  which     r,  —  0.0447  y  I     ;   r^  (in  minutes)  ==  ^i^i^~7y 

Substituting   for    diflerent    distances   gives   the  results  shown  in 

Table  No.  1. 

TABLE  No.  1. 


Distance,  in  feet. 

Uncertainty  in  chaining,  in  feet. 

Uncertainty  in  bearing. 

10 

0.14 
0.32 
0.45 
1.00 
1.41 
2.00 

0°  48' 

50 

0   21 

100 

0    15 

.500 

0    07 

1  000 

0    05 

2  000 

0    03 

An  examination  of  Table  No.  1  will  show  that  the  assumption  is 
fairly  reasonable,  although  it  gives  too  great  weight  to  the  bearings 
of  long  lines,  and  perhaps  too  small  to  those  of  very  short  lines. 

The  method  is  thus  satisfactory  as  to  accuracy  and  simplicity  when 
applied  to  the  adjustment  of  a  compass  survey. 


Transit  Suevey. 

In  a  transit  survey  proper,  no  bearings  are  taken  except  as  a 
check,  but  the  horizontal  angles  between  the  lines  are  measured.  In 
computing  latitudes  and  departures,  or  co-ordinates,  a  meridian  is 
assumed,    and   the    bearings    or   azimuths    are   computed    frcm    the 
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horizontal  augles.  The  bearing  of  the  first  line  from  the  meridian 
involves  only  one  angle;  that  of  the  second,  two  angles;  etc.,  one-half 
way  around  the  figure;  the  bearings  for  the  other  half  being  more 
Accurately  computed  by  working  backward  from  the  meridian. 

Thus,  with  the  following  notes : 

Sta.  1.  Deflection,  J/j  =  92°  0'  R.     Distance, 

2.  J/2  =  46    0  R. 

3.  ilf5  =  82    0  R. 

4.  M^  =  51  57   R. 

5.  ]\L  =  88    OR. 
Assume  5  —  1  as  a  meridian  (Fig.  1).  Fig.  1. 

Bearing,  B^  =  180  —  J/i  =  8.88^  00'  E. 

B,  =  B,  —  M,  =  180  —  (iJ/i  +  IQ  =  S.42    00  E. 

B^  =  3/3  —  ^2  =  -^A  +  ^^2  +  ^^^  —  '  80 "  =  S.  40    00  W. 
=  180°  —  (il/3  -f  31,)  =  S.40    03  W. 

B^  =  M^  =N.88  00  W. 

The  discrepancy  in  angle  work  is  thus  thrown  into  the  difference 
between  the  bearings  of  the  two  lines  meeting  at  3,  and  would  not 
be  projjerly  distributed  by  the  compass  method  of  adjustment.  If 
the  deflections  were  first  adjusted  to  close  the  figure,  the  compass 
survey  method  would  allow  the  inaccuracy  of  the  chaining  to  change 
the  adjusted  angles  without  giving  proper  weight  to  the  accuracy  of 
angle  measurement. 

There  is  thus  no  reason  to  assume,  as  appears  to  have  been  almost 
universally  done,  that  because  the  Dr.  Bowditch  rule  gives  a  close 
adjustment  for  a  compass  survey,  it  will  do  so  for  a  transit  survey. 

Theoretically,  there  are  three  equations  which  must  be  satisfied  in 
adjusting  the  observed  quantities: 

(a)  The  sum  of  the  interior  angles  must  equal  twice  as  many 

right  angles  as  the  figure  has  sides,  less  four. 

(b)  The  algebraic  sum  of  the  latitudes  must  equal  zero. 

(c)  The  algebraic  sum  of  the  departures  must  equal  zero. 

The  Method  of  Least  Squares  requires  that  the  corrections  must  be 
such  as  to  satisfy  the  above  conditions,  and  make  the  sum  of  their 
squares,  each  square  being  divided  by  the  square  of  its  probable 
error,  a  minimum.  Since  each  bearing  must  be  expressed  in  terms  of 
the  measured   angles,    and  the   number  of  measured  angles  in  each 


11G8   CRANDALL   ON"   ADJUSTMENT   OF   TRANSIT   SURVEYS.    [Papers. 

varies  from  one  to  one-half  the  number  of  sides,  the  labor  involved  is 
too  great  for  the  adjustment  of  an  ordinar}^  transit  survey. 

In  ordinary  work  the  probable  error  of  an  angle  need  not  exceed  1 
minute,  if  care  is  taken  in  setting  over  the  points  and  in  plumbing  the 
flag  poles,  using  tacks  on  the  stakes  for  all  lines  of  less  than  300  ft., 
swinging  without  delay  from  the  back  sight  to  the  front  sight,  and 
lining  in  a  "  range  "  point  to  swing  from  for  all  lines  of  less  than  50  ft. 
"With  these  precautions,  the  probable  error  need  not  increase  with  the 
shortness  of  the  line,  as  with  the  compass. 

On  very  rough  ground,  or  in  going  through  brush,  where  the  flag 
pole  is  partly  hidden,  it  may  be  difficult  to  keep  the  probable  error 
below  2  minutes;  Avhile,  for  careful  work,  the  probable  error  can  be 
readily  kept  within  I  minute. 

For  good  work  the  length  of  sight  should  be  limited  to  about 
1  200  ft. 

Ordinarily,  it  will  be  more  difficult  to  measure  distances  to  1:500 
than  angles  to  minutes,  while  an  accuracy  of  1  : 1  000  is  seldom  reached 
except  on  level  ground  or  for  city  work. 

The  accuracy  of  angle  work  is  thus  considerably  greater  than  that 
of  chaining,  1  minute  in  angle  giving  0.15  ft.  in  500  as  compared  with 
1ft.  in  chaining;  or,  0.5  minute,  0.1)  ft.  in  1  000,  as  compared  with  the 
1  ft.  due  to  the  more  accurate  chaining. 

On  this  account,  it  will  be  admissible  to  first  adjust  the  angles  to 
close  the  figure,  then  compute  the  bearings  or  azimuths  and  assume 
them  to  be  correct  in  the  final  adjustment. 

This  leaves  only  the  two  conditions: 

[b)  Sum  of  latitudes  equal  zero. 

(c)  Sum  of  departures  equal  zero. 

That  is, 

/i  cos.  Bi  +  Ij  cos.  B,  +  I.  cos.  B.  +  =  0  ) 

Zj  sin.  Bi  -f  I,  sin.  B,  +  (,  sin.   B.^-\-  =  0\   ^     ' 

where  the  total  coi'rections  are  to  be  applied  on  the  basis  of  inaccuracy 
in  chaining. 

In  order  to  derive  these  corrections  on  the  basis  of  least  squares, 
denote  the  observed  distances  by  J/j,  il^,  3L,  .  .  .  ,  and  the  required 
corrections  by  v^,  v.,,  i',;,     ■    .    ■     The  corrected  distances  will  be 
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Substituting  in  (10), 

(Ml  +  Vi)  COS.  /?,  4-  {^%  +  '\.)  fos.  ^2  + 

(il/i  +  i-i)  sin.   Bi  +  {M,  +  v.)  sin    5.,  + 

r,  COS.  5i  +  r^  COS.  B.,  +  ?'3  COS.  B^  +  •  •  • 

Vi  sin.  i?,  +  v.,  sin.  i?o  +  t\i  sin.  i?,  +  .  .  . 

where 

^1  =  il/i  COS.  5i  +  M.,  COS.  ^2  +  -^^i  COS.  i?5  -f  .  .  .  =  error  in  latitude, 
^2  =  ^1  sin.  B^  +  J/j  sin.  i?2  +  ^/{  sin.  53  +  ...  =  error  in  departure. 
For  convenience,  change  (11)  to 


^0 

=  0,  or 

+  9. 

=  0) 

+   Q2 

=  or 

(11) 


r  +  '^^r  +  ^^x  +  ---+^^=ol 


4  '   '  k 


}    (12) 

I 


■where  i,,  i2>  •  •  •  »  -^i'  -^2;  •  •  •  '  denote  latitudes  and  departures. 

Aside  from  (12)  we  must  also  have  v^^  -\-  v.,"^  -\-  v^ --]-...  a  mini- 
mum, for  equal  accuracy  in' chaining  the  different  lines;  or,  if  the  ac- 
ouracy  in  chaining  be  assumed  to  decrease  as  the  square  root  of  the 
distance, 

~j    'V    J    'T  -f — [-•••=  minimum. 

Dififerentiating, 

ll  dvi  +  -Y  dv.,  -{-  ^  dv,  +  .  .  .  =0 (13) 

h  h  ''i 

If  the  dv's  were  independent,  their  coefficients  would  have  to  sep- 
arately equal  zero  for  (13)  to  hold  true.  But  the  ?''s  are  connected  by 
(12).     Differentiating  (12), 


^  dvi  -^hav,-{-^dv,+  ...  =0  ] 


A.,.   ,  A.,.   ,  A 


y (14) 


_J  dv^  +   —'  dv.,  -f-    — ^  ffe2  -I-  .    .    .    =   0    J 

If  we  eliminate  a  dv  in  (13)  for  each  of  (14),  the  remaining  rf?)'s  will 
be  independent,  and  hence  their  coefficients  will  separately  equal  zero. 
This  elimination  is  best  done  by  the  method  of  indeterminate  multi- 
pliers, /.  e.,  multiply  the  first  of  (14)  by  x,  the  second  by  y,  and  (13) 
by  —  1,  and  add, 

Now  give  .{•  and  y  such  values  that  the  coefficients  of  two  of  the  dv's, 
will  be  zero,  thus  eliminating  them.     The  remaining  dv's  will  be  inde- 
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pendent,  and  hence  their  coefficients  will  be  zero.     This   makes   the 
coefficients  of  all  the  dv^s  in  (15)  equal  zero,  giving 

0    1 


Li    ,       ^1       ^' 


^1 

L, 


I, 


k 


(16) 


77  +  '^  77-7: 


J 


To  find  ,r  and  ?/>  multiply  the  first  of  (16)  by  Xj,  the  second  by  £2^ 
.  ,  and  add;  then  by  Dj,  I).„  .  .  .  ,  and  add;  then  by  (12) 

^(f).,  +  '^-(^0 ."  +  '-»! 

^^^  ^'^  1.  (17) 

0 


2,  as  usual,  denoting  the  siimmatiou  of  a  number  of  similar  terms. 


Solving, 


3/ 


Substituting  in  (16), 

V2     ^  L^x  +  D.,y 


Adding, 
Also, 


:2  {v)    =  X  2  [L]  +  y  2  [D),  =  0,  nearly. 


; J 

Xi  X>,       ,    X)i'  ^,  1 
I).,  X.,  X>.,       ,     D/   „  \ 

Do  h  '2  '-'  I 

J 


,(19> 
(20) 

.(21) 


^1 


with,  by  (17),  2  {y^)  =  —  (h  and  :^^  (^^d)  =  —  ?2- 


.(22) 
(23) 
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Having  adjusted  the  transit  work,  or  the  angles,  to  geometrical  con- 
sistency, by  distributing  the  small  error  of  closure  equally  among  the 
angles,  and  having  computed  the  co-ordinates,  Formulas  (18)  to  (23) 
give  the  method  of  adjustment  of  the  co-ordinates  and  of  the  measured 
sides  by  least  squares.  In  deriving  these  formulas  the  assumption 
made  by  Dr.  Bowditch,  that  the  inaccuracy  in  chaining  increases  as 
the  square  root  of  the  distance,  has  been  retained.  The  ajjplication  is 
quite  simple,  as  all  the  terms  ai-e  made  up  from  the  latitudes,  de- 
partures and  distances  already  entered  iipon  the  co-ordinate  sheet, 
while  the  maltiplicatious  and  divisions  can  be  made  with  the  ordinary 
slide  rule,  retaining  only  three  figures. 

In  order  to  equalize  numbers,  so  as  to  retain  the  same  number  of 
decimal  places  throughout,  100  I  is  used  in  j^lace  of  I  in  (18),  and  the 
change  carried  through,  as  follows: 

^. _    "^'^  (1007) -g^^  (mt/) 
^  (1007)  ^  (1007)  ~  ^  (lur/) ' 

g' ^(io(r/)-g^^^(iWT) 

^  \100//^  Vioo//      ^  \WOl/ 
L,     ,      I),        1 


100 
100 


100 


r 


-       -"^^'^  +100^    J 


(L) 


.(^) 


^  '  lOj  ^  ''  ^  100 


L2  Li       ,       L,D,     ,   1- 


^1 


D, 


100/, 

100/, 


100/, 


I), 


100/.,       ^  100/,  •^ 


(18)' 


(19)' 


(20)' 


(21)' 


(22)' 


^{^l)- 


2  (''/>)  = 


(23)' 
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With  the  followiug  notation: 

x'  and  y'  may  be  called  auxiliaries; 

gi  =  error  in  latitude; 

^2  =  error  in  departure; 

Zj,  L^,  -L,,  .  .  .  ,  =  latitudes  of  sides  /,,  / ,  /,,  .  .  .  .  ; 

i)j,  D.^,  D-^,  .  .  .  ,  —  departures  of  sides  /,,  /_,,  /,,  .  .  .  .  ; 

2  denotes  the  summation  of  a  number  of  similar  terms; 

^i»  ^2'  ^3»  •  •  •  5  ^  corrections  to  sides  l^,  U,  Z,,  .  .  .  .  ; 

^'i  '  ■"i. '  ^i '  •  •  '  ^"/j '  ^"i). »  ^'i>. '  •  •  •  '  =  corrections   to   latitudes 
and  departures,  respectively. 

The  ajiplication  of  the  method  is  best  shown  by  a  problem. 


TABLE  No.  2. — Problem  feom  Data  Previously  Given. 


Station. 

Deflec- 
tion to 
thei?. 

Cor- 
rec- 
tion. 

Azimuth. 

Dist. 

Latitude,  L. 

Departure,!) 

L^ 

Z)^ 

LD 

+ 

8.3 
181.4 
248.1 

+ 

- 

100  « 

100  i 

100  Z 

1 

2 

3 

4 

92°  00' 
46   00 
82   00 
51    57 
88   00 

-fO.6' 
0.6 
0.6 
0.6 
0.6 

92°  0.6' 
138    1.2 
220    1.8 
271  59.4 
360    0.0 

Totals  . . . 

236 
244 
334 
183 
437 

437.0 

235.9 
163.2 

208  .'4" 

182.9 

0.0 

0.0 

1.35 

1.90 

0.0 

4.37 

2.36 
1.09 
1.38 
1.83 
0.0 

-0.08 
-1.21 
+1.60 
—0.06 

5 

0  0 

359   57 

3.0 

443.3 

437.8 

437.8 

^2 

399.1 
391.3 

391.8 

7.62 

6.66 

-fO.25 

9i 

=+5.5 

=+7.8 

The  observed  angles  foot  up  3  minutes  too  small.  To  each  angle 
0.6  minute  is  added,  and  the  azimuths  computed  with  5-1  as  an  axis. 
The  latitudes  and  departures  are  computed  and  added  as  usual,  giving 
^1  =  +  5.5,  and  q.j  =^  -\-  7.8.  The  three  columns  at  the  right  are 
used  in  finding  x'  and  y'.  To  fill  them  oat,  set  the  slide  rule  to  lati- 
tude divided  by  distance  [L  +/)  for  each  horizontal  Hne  and  multiply 
by  one-hundredth  of  the  latitude  (0.01  L]  for  the  corresponding  term 
1} 


in   the  _,.„  ,  column  ;    with  the  same  settings  multiply  by  one-hun- 
100  /  o  1  J      J 

dredth  of  the  departure  for  the  corresijonding  terms  in  the  column. 

Then   set   to   depai-ture   divided   by    distance   and    multiply    by  one- 
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LundredtU  of  the  deijartnre   for  the  ttjtt-,   column.      Add  the  three 

columns  for  ^  (J^),    ^    (i^",)  ,  and  :^    d^^)  ,  and  substi- 

tute  in  (18) ',  giving 

'  _  7.8  X  0.25  —  5.5  x  6.66  _  _  r.  n^ 
^  ~  ^.66  X  7.62  —  (0.25)2    -       "• 

,  _   5.5  X  0.25-  7.8  X  7.62  __-,,. 
^'  '~  "6766  X  7.62  —  (0.25)2    ~ 

If  the  corrections  to  the  latitudes  and  departures  only  are  required, 

as  in  comjiuting  areas  or  co-ordinates,  use  (21)'  and  (22)'.     To  do  this, 

J} 
set  x'  on  the  slide  rule  and  multiply  by  each   number  in  the  ^       . 

column  for  the  first  term  in  each  latitude  correction,  and  by  each 
-,.,r.j  for  the  first  term  in  each  departure  correction.  Then  set  to  the 
value  of  _//\  and  multijjly  by  each  ——— for  the   second   term   in    each 

latitude  correction,  and  by  each  for   the   second   term  in   each 

departure  correction,  giving: 


XI 


L 


=       0.0    +0.09  =  +  0.1  t5„   =+  0.05  — 2,71  =  —  2.7 

1 

=  —  0.92  +  1.39  =  +  0.4  Vj^  =  +  0.82  —  1.25  =  —  0.4 

Vr   =  —  1.29  —  1.84  =  —  3.1  v'  =  —  1.09  —  1.59  =  —  2.7 

t?^   =       0.0    +0.07  =  +  0.1  r^^  =  +  0.04  — 2.10=  —  2.0 

?»£=  — 2.97  +  0.0    =  —  3.0  v^  =       0.00  +  0.0    =        0.0 

Check,"  (23)'  ' 


2  (%)  =-q2  =  -  7.8 

If  the  corrections  to  the  distances  only  are  required,  as  for  a 
geometrically  consistent  description  or  record  map,  use  (19)';  the  x' 
setting  of  the  slide  rule  giving  all  the  first  terms  when  multiplied  by 
one-hundredth  of  the  latitudes,  and  the  y'  setting  the  second  terms 
when  multiplied  by  one-hundredth  of  the  departures.     Thus: 


r,  =  +  0.06 

—  2.72 

=  —  2.66 

t?.,  =  +  1.23 

—  1.88 

=  —  0.65 

V,  =  +  1.68 

+  2.40 

=  +  4.08 

v^  =  —  0.04 

+  2.11 

=  +  2.07 

v,  =  -  2.97 

+  0.0 

=  —  2.97 

:E  (r)  =  —  0.68  X  0.055  —  1.15  x  0.078  =  —  0.18  by  (20)' 
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If  corrected  co-ordinates  and  distances  are  both  required,  it  will 
be  less  work  to  find  the  distance  corrections  first  and  the  co-ordinate 
corrections  from  these  by  the  first  portions  of  (21)'  and  (22)'. 

TABLE  No.  3. — Problem  fbom  Actuax  Survey. 
Angles  closed  without  adjustment. 


sta- 

Bearing. 

Dis- 
tance. 

Latitude,  L. 

Departure,  D. 

L"- 

D^ 

L  D 

tion. 

+           - 

+ 

- 

100  Z 

100  z 

1001 

1 

2 

3 

4 

N.  44°  38.5'  E. 
N.  52    42.5  E. 
S.    2    00      W. 
N.  88   34     W. 
S.  88    50.5  VV. 
North 

287.24 
4.51.75 
921.60 
212.00 
317.30 
443.60 

204.37 
273.70 

'"z.ha 
"m.m 

'mM 

201.83 
359.40 

211.93 
317.24 

1.45 
1.65 
9.20 
0.00 
0.01 
4.44 

1.42 
2.85 
0.01 
2.11 
3.17 
0.00 

9.56 

1.44 

2.18 

0.32 

—0.05 

5 

6 

6.41 

0.06 
0.00 

Totals 

936.97 

91  ^ 

927.45 
926.97 

561.23 

32  = 

561.33 
561.23 

16.75 

3.95 

—  0.48 

—  0.10 

—  0.10  X  3  95  +  0.48  x     9.56 


x' 

160  — 

15.55 

—  =  +  0.029 

y' 

—  0.48  X  3.95  4 
~                   160  — 

-0.10  X 
15.55 

16. 

'^  =  _  0.001 

?7,  =  -f  0.05 

v^   =-\-  0.04 

v^^  =  +  0.04 

^.  =  +  0.08 

V,     :^  +  0.05 

4 

rp    =+0.06 

«3  =  — 0.26 

?7l   =  +  0.26 

v^^  =  +  0.01 

v^  =       0.00 

V,    =       0.00 

v^   =       0.00 

??.  3=       0.00 
«,  =  -f0.13 

T^   =       0.00 
r^   =  +  0.13 

Vj^  =       0.00 

5 

V      =       0.00 

2(r): 


0.00;    2  [v  )  =  +  0.48 


q^;    :2(^  J  =  +0.11  = 


<I2 


In  some  cases  base  or  reference  lines  and  stations  are  carefully 
located,  and  the  other  work  adjusted  to  them;  in  others,  a  survey  is  ex- 
tended after  an  adjustment  has  been  made  which  it  is  desired  not  to 
disturb.  These  cases  are  treated  by  omitting  the  terms  and  corrections 
for  the  i^erfect  lines,  which  forces  all  the  corrections  into  the  unad- 
justed i^arts. 
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Thus,  in  the  foregoing  problem,  if  6-1  be  regarded  as  perfect, 
—  0.10  X  3.95  4-0.48  X  9.56 


9.56  X  12.31  —  (3.95)2 


0.041 


—  0.48  X  3.95  +  0.10  X  .12.31  _  _„_ 

'^  9.56  X  12.31  —  (3.95)^ 


v^  =  +  0.07 
V,  =  +  0.09 
^3  =  —  0.38 
v^  =  +0.01 
v.  =  +  0.02 


?5,  =+  0.05 
v^  =  +  0.05 
V      ^  -\-  0.38 


V , 


=       0.00 
=       0.00 


?j  =  +  0.05 
1 

^'a,  =  +  0-07 

.,^  =+0.01 
.s 

^7„  =  —  0.01 

t).,  =—0.02 


:v  (,.)  =  _  0.19;    2(»J=  +  0.48;    :2  (?)J  =  +  0.10 

Bj  (20)',  2  (v)  =  —  0.041  X  4.44  +  0.007  x  0.001  =  —  0.18,  for  a 
check. 

The  method  thus  lends  itself  readily  to  the  fitting  of  new  to  old 
work  which  has  already  been  adjusted. 

The  aijplication  of  the  method  of  adjustment  is  given  in  consider- 
able detail  so  that  it  can  be  vised  mechanically  the  same  as  the  old 
compass  survey  method  without  looking  up  its  theoretical  basis.  It 
cannot  be  stated  so  concisely  as  the  old,  and  the  numerical  work  in- 
volves more  labor  if  corrected  co-ordinates  only  are  required.  In  case 
corrected  distances  are  required,  to  give  with  the  bearings  geometri- 
cally consistent  data  for  a  record  map  or  description,  this  requires  less 
labor  than  the  old  method,  for  the  corrected  distances  are  used  di- 
rectly with  the  bearings,  while  in  the  old  method  neither  corrected 
distances  nor  bearings  can  be  obtained  without  a  special  comj^utation 
after  the  co-ordinates  have  been  adjusted. 

The  method  has  a  good  theoretical  basis  for  the  conditions  assumed, 
viz. :  small  errors  of  closure  for  the  angles  and  an  inaccuracy  of  chain- 
ing increasing  as  the  square  root  of  the  distance,  while  the  old  method 
has  none  for  transit  work. 
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The  Village  of  Nyack  is  situated  on  the  west  bank  of  the  Hudson 
Biver,  about  28  miles  from  New  York  City.  The  Villages  of  South 
Nyack  and  Upper  Nyack  adjoin  it  on  either  side,  and  are  supplied  by 
it  with  water.     The  combined  population  is  about  8  000. 

These  villages  were  originally  supplied  from  springs  by  gravity,  but 
in  1884  the  company  then  owning  the  works  found  it  necessary  ta 
increase  this  supply  by  pumping  from  Hackensack  Creek,  the  present 
source  of  four-fifths  of  the  supply. 

As  the  proportion  of  Hackensack  Creek  water  to  spring  water 
increased,  dissatisfaction  among  the  consumers  likewise  increased, 
until,  in  1893,  the  Village  of  Congers  constructed  a  shallow  lake  by 
damming  a  branch  of  the  stream  and  flooding  an  area  which  had 
never  been  cleared  of  the  stumps  or  surface  soil.  The  Avater  then 
became  unbearable,  and  the  villages  applied  to  the  State  Board  of 
Health  for  a  remedy.     Accordingly,  the  Board  made  a  report  in  1894 

Note.— These  papers  are  issued  before  the  date  set  for  presentation  and  discussion. 
Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting,  and  may  be 
sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  vFritten,  will  be  published  in  a 
subsequent  number  of  Proceedinc/s,  and,  when  finally  closed,  the  papers  with  discussion 
in  full  will  be  published  in  Transactions. 
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advising  the  water  company  to  filter  tlie  siijiplT.     Nothing,  liowever, 
was  done  at  tbat  time. 

In  Jnly,  1897,  the  Village  of  Nyack  acquired  the  plant  of  the  Nyack 
Water-Works  Company  by  condemnation  proceedings,  and  began 
to  consider  the  improvement  of  the  siipply. 
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Driven  wells  were  tried  and  failed.  A  gravity  supply  from  a  more 
sparsely  settled  water-shed  was  considered,  btit  the  estimated  cost 
exceeded  the  available  means.  The  filtration  of  the  present  supply 
was  then  recommended  and  adopted. 
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Description  of  Plant. 

The  filter  is  of  the  open,  gravity,  sand  type,  and  was  designed  for 
slow  filtration.  It  is  located  in  a  swamp  on  the  Hackensack  River, 
about  2i  miles  west  of  the  village,  and  just  north  of  the  West  Nyack 
Station  on  the  West  Shore  Railroad  (Fig.  1). 

It  consists  of  two  rectangular  beds  of  equal  size,  with  a  combined 
filtering  area  of  16  400  sq.  ft.,  or  0.38  acre,  and  a  pure-water  reservoir 
having  a  capacity  of  44  000  galls.  It  is  built  wholly  in  excavation 
below  the  level  of  the  creek,  and  is  protected  by  earth  embankments 
from  high  water,  which  floods  the  surrounding  ground.  Several 
cross-sections  are  shown  in  Fig.  2. 

The  enclosing  walls  are  of  concrete  to  a  height  of  about  3  ft.  8  ins. 
above  the  bottom.  Above  these  walls  a  vitrified  brick  paving  is  laid  at 
a  sloi)e  of  1|  to  1,  and  to  a  height  of  4  ft.  above  the  wall. 

The  bottom  is  of  concrete,  and  the  regulating  and  intake  chambers 
are  of  brick.  The  division  wall  above  the  sand  is  of  brick;  below  the 
sand  it  is  of  concrete. 

The  filtering  material  consists  of  3  ft.  of  sand  underdrained  by  1  ft. 
of  gravel  and  by  6-in.  tile  pipe.  Each  bed  has  a  main  drain  of  tile  pipe 
leading  to  the  regulating  chamber. 

The  pure-water  well  is  built  of  brick,  and  the  bottom  is  of  concrete. 
It  is  entirely  separated  from  the  filter,  but  is  connected  with  the  regu- 
lating chamber  by  a  12-in.  cast-iron  pipe. 

Details  or  Consteuction. 

The  excavation  was  begun  during  dry  weather  of  August,  1897. 
After  removing  2  ft.  of  black  muck  on  tojD,  a  stiff  damp  red  clay  was 
encountered,  and  the  deeper  the  excavation  was  carried,  the  more  wet 
and  tenacious  became  the  clay,  and  the  more  difficult  it  became  to 
handle.  Shovels  and  spades  were  used  to  cut  it  in  blocks  which  were 
then  thrown  on  wagons  by  the  hands.  Teaming  was  impossible, 
except  on  roadways  of  old  railway  ties  or  plank. 

The  depth  of  the  cut  to  be  made  averaged  12. 5  ft.  After  a  depth 
of  10  ft.  was  reached,  the  sides  of  the  excavation,  which  up  to  this 
time  had  stood  nearly  vertical,  cracked  back  from  the  face  a  distance 
of  2  to  4  ft.,  and  subsided,  making  a  corresponding  elevation  in  the 
adjacent  bottom,  which  had  become  very  soft  and  jniddled  by  teaming 
over  it. 


Papers.]  HOUSTON   ON   GRAVITY   SAND   FILTERS. 


1179 


'W 


^'- 


1180  HOUSTOK   ON   GRAVITY   SAND   FILTERS.  [Papers, 

To  remedy  this  diflSculty,  excavating  the  easterly  end  at  a  sloj^e  of 
lo  to  1  was  tried,  with  a  like  result  when  the  same  depth  was  reached, 
and  it  became  evident  that,  with  this  method  of  excavation,  the 
required  depth  could  not  be  reached. 

The  contractor  had  taken  the  excavation  at  the  low  i:)rice  of  29  cents 
per  cubic  yard.  It  was  evident  that  he  was  losing  money  on  this  part 
of  the  work,  and,  becoming  somewhat  discouraged,  he  finally  aban- 
doned it. 

Rudolph  Hering,  M.  Am.  Soc.  C.  E.,  was  then  asked  to  report  on 
the  situation  for  the  village.  By  his  advice,  soundings  were  made  over 
the  entire  area.  These  were  made  with  an  iron  rod  1  in.  in  diameter 
and  30  ft.  long,  on  which  was  arranged  a  sliding  weight.  This  weight 
was  made  of  a  short  section  of  6-in.  cast-iron  water  j^ipe,  in  the  center 
of  which  was  a  jjiece  of  l]-in.  wrought-iron  pipe,  the  sj^ace  between 
being  filled  with  lead.  On  the  bottom  was  an  iron  plate,  the  whole 
weighing  about  130  lbs. 

The  weight  was  lifted  by  two  men  and  allowed  to  fall  on  an  adjust- 
able clamp.  The  height  to  which  it  was  lifted  varied  from  3  to  4  ft., 
and  a  record  was  taken  of  the  de2oth  penetrated  by  each  ten  blows. 
The  upper  part  of  the  rod  was  steadied  by  a  tripod.  To  withdraw  the 
rod  a  3-ton  block  and  fall  was  used. 

These  soundings  showed  the  presence  of  water-bearing  gravel  strata 
varying  from  2  ft.  at  the  westerly  end  to  20  ft.  at  the  easterly  end 
below  the  i3roj)osed  bottom  of  the  filter.  Mr.  Hering  then  advised 
continiiing  the  construction  by  the  use  of  sheet-piling  and  sustaining 
piles. 

Before  the  sheet-piling  could  be  started,  the  creek  broke  through 
the  bank  and  flooded  the  excavation.  This  made  it  necessary  to  drive 
a  line  of  4  x  8-in.  tongued  and  grooved  spruce  sheeting  between  the 
creek  and  the  excavation.  This  sheeting  was  driven  to  a  depth  of 
3  to  4  ft.  below  the  proposed  bottom  of  the  filter.  The  water  was  then 
pumped  out,  and  the  whole  area  surrounded  by  a  single  row  of  sheet- 
piling  of  the  same  kind.  The  latter  sheeting  was  driven  within  the 
excavation  and  1  ft.  outside  of  the  foundation  line  of  the  filter.  Sus- 
taining piles  were  then  driven  on  the  proposed  site  of  the  walls. 

In  driving  the  sheeting  it  was  found  that  in  most  places  it  could  be 
driven  clear  through  the  gravel  strata  into  softer  material  below.  For 
this  reason  the  round  piles  were  driven  with  blunt  ends  of  at  least 
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Fig.  1.— View  of  Excavation,  showing  Subsidence  of  Banks. 


Fig.  2.— Laying  Vitrified  Brick  Slope. 
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(I  ins.  diameter.  Although  some  of  the  332  piles  thus  driven  evidently- 
stopped  at  the  gravel  strata,  fully  two-thirds  of  the  mimber  depend 
largely  on  friction  for  sustaining  power. 

The  maximum  weight  sustained  by  each  jiile  under  the  outside  wall 
is  about  4  tons;  under  the  division  wall,  5.}  tons.  The  sheeting  cost 
5  cents  i^er  foot,  board  measure,  driven,  and  the  cost  of  the  sustaining 
piles  averaged  84.42  each,  in  place. 

Just  at  this  time,  April,  1898,  the  funds  available  for  this  work 
gave  out  and  the  construction  came  to  a  standstill.  Soon  after, 
during  high  water,  the  excavation  was  flooded  a  second  time.  It  re- 
mained in  this  condition  until  July,  1899,  when  the  work  was  again 
taken  up. 

The  original  plans  and  specifications  were  modified  to  meet  the 
new  conditions,  and  a  new  contract  was  let.  The  changes  were  as 
follows : 

First. — The  level  of  the  whole  bed  was  raised  1  ft.,  and  the  depth 
of  the  filtering  material  was  reduced  from  5  to  4  ft.  This  made 
a  total  raise  of  2  ft.  in  the  bottom  of  the  filter,  and  reduced  the  average 
cut  to  10.5  ft. 

Second. — Concrete  was  substituted  for  brickwork  in  the  walls  below 
the  level  of  the  top  of  the  sand,  and  slope  paving  was  substituted  for 
the  vertical  walls  above  this  level. 

Third. — All  brickwork  exposed  to  the  elements  was  faced  with 
vitrified  brick. 

After  pumping  out  the  water,  the  excavation  was  carried  down  to 
the  proper  depth  on  the  site  of  the  outside  walls,  the  piles  were  sawed 
off  and  capped,  and  the  walls  were  started  before  attempting  to 
excavate  the  interior. 

The  sheet  piling  was  exposed  by  this  excavation  for  a  depth  of  5  to 
7  ft.,  and  was  seen  to  be  practically  water-tight.  It  had  a  tendency  to 
crowd  in  at  the  top,  on  account  of  the  pressure  behind  it,  and,  in  order 
to  brace  it,  the  outside  row  of  sustaining  piles  was  left  standing. 
Inclined  braces,  running  to  a  footing  of  railroad  ties,  were  also  found 
necessary. 

In  one  place,  where  the  sheeting  had  been  pushed  over  so  far  as  to 
interfere  with  proper  construction,  it  was  forced  back  part  way  by- 
screw  jacks  after  relieving  some  of  the  pressure  by  excavating 
behind  it. 
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At  the  easterly  end  derricks  and  buckets  were  used  to  handle  the 
excavated  material  and  to  i>lace  the  concrete,  but  were  not  found 
necessary  after  the  wall  at  that  end  was  completed.  The  interior  was 
excavated  with  teams.  Very  little  water  was  encountered  until  the 
walls  and  floor  of  the  east  half  were  nearly  completed,  when  a  large 
spring  broke  out  in  the  center  of  the  excavation  at  a  point  over  which 
all  the  teams  bringing  material  for  concrete  had  passed  and  had  con- 
sequently puddled  the  clay.  This  was  stojaped  at  this  point,  but 
broke  through  at  a  point  about  20  ft.  distant. 

Underdrains  were  laid  leading  the  water  to  the  pure-water  well, 
which  had  been  sunk  to  a  depth  somewhat  lower  than  the  filter,  and 
was  kept  dry  by  a  centrifugal  pump. 

This  and  a  similar  spring  which  broke  through  later  were  left  until 
the  beds  were  otherwise  completed,  and  were  finally  stojoped  by  filling 
with  from  10  to  12  cu.  yds,  of  field  stone  and  concreting  over  it,  leav- 
ing a  15-in.  vitrified  pipe  through  the  concrete  for  a  drain.  When  the 
concrete  had  set,  a  6-in.  jjipe  was  placed  inside  the  15-in.  pipe,  and 
bagging  was  rammed  down  around  it  and  loaded  with  concrete,  which 
was  covered  with  bagging,  to  prevent  the  water  which  dropped  over 
the  edge  from  washing  out  the  cement.  It  was  found  that  there 
was  not  head  enough  to  raise  this  water  above  the  sand  line,  and  the 
spring  was  stopped  up  with  cement  bags  and  concrete. 

The  piles  were  capped  with  6  x  8-in.  yellow  pine  stringers  spiked 
to  each  pile  by  two  14-in.  drift  bolts.  Where  the  ends  of  these 
stringers  met  they  were  joined  with  a  scarf  joint  and  bolt  and  nut. 

The  piles  in  the  row  next  to  the  sheeting  were  notched  to  receive 
the  stringers,  as  shown  in  Tig.  2.  On  these  stringers,  and  at  an  angle 
of  45°  with  them,  2-in.  hemlock  planks  were  nailed.  On  top  of  these, 
and  at  an  angle  of  90°  with  the  former  planks,  were  nailed  2-in.  and 
1-in.  hemlock  plank,  laid  alternately,  thus  making  a  well-braced  plat- 
form sufliciently  rough  to  give  a  good  footing  for  the  walls. 

The  cost  of  the  piles,  capi^ing  and  platform  averaged  .$3  per  foot  of 
wall  sustained. 

The  forms  for  the  walls  were  then  erected.  They  were  made  from 
2-in.  hemlock  plank.  In  some  instances  forms  were  used  for  the  back 
of  the  wall,  but  in  most  of  the  construction  the  concrete  was  carried 
back  against  the  sheeting,  and  the  piles  in  the  outside  row  M^ere  con- 
creted into  the  wall. 
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Fig.  ].— Pla(_ing  (iRavel  jn  East  Filtkr  Bed 


Fig.  2.— Underdrains  and  Main  Collectoh  in  West  Filter  Bed. 
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In  some  instances  tlie  inclined  braces  supporting  the  sheeting  were 
also  concreted  into  the  wall  and  left  until  just  previous  to  putting  in 
the  sand,  when  they  were  either  taken  out  and  the  hole  filled  up  with 
concrete,  or  sawed  off  and  cut  back  from  the  face  of  the  wall  at  least  6 
ins.  and  covered  with  Portland  cement  concrete. 

The  face  of  the  outside  walls  below  the  sand  line  was  stepped  in  2 
Ins.,  and  the  division  wall  3  ins.  in  each  foot  of  rise.  With  the  excep- 
tion of  the  division  wall,  which  was  of  viniform  dimensions  throughout, 
the  concrete  walls  varied  in  thickness  according  to  their  location.  The 
concrete  in  the  south  wall  averaged  0.8  cu.  yd.  per  lineal  foot;  that  in 
the  east  wall  averaged  0.33  cu.  yd.  per  lineal  foot,  and  that  in  the 
north  and  west  walls  0.7  cu.  yd.  per  lineal  foot.  The  division  wall 
averaged  0.61  cu.  yd.  i^er  lineal  foot. 

The  floors  were  placed  on  1-in.  hemlock  jilank,  laid  on  the  clay  to 
prevent  the  concrete  from  mixing  with  the  soft  bottom. 

They  were  made  of  Kosendale  cement  concrete  0.66  ft.  thick, 
topped  with  Portland  cement  concrete  having  an  average  thickness  of 
0.22  ft. 

All  concrete  was  mixed  by  hand.  Rosendale  cement  concrete  for 
the  walls  and  floor  was  comj^osed  of  1  part  cement,  2  parts  sand  and 
6  parts  broken  limestone,  varying  from  i  in.  to  2J  ins.  in  greatest 
dimensions.  The  Portland  cement  concrete  in  the  floors  was  mixed  in 
the  proportions  of  1  part  cement,  3  parts  sand  and  5  i^arts  ^-in.  broken 
limestone. 

The  faces  of  the  concrete  walls  were  first  pointed  up  with  2  to  1 
Rosendale  cement,  and  then  plastered  with  2  to  1  Portland  cement. 

The  floors  cost  SI. 50  i^er  square  yard  in  place.  The  conci'ete  walls 
cost  $4.40  per  cubic  yard  in  place.  The  labor  of  mixing  and  deposit- 
ing the  concrete  for  the  walls  was  1  man,  0.42  day  per  cubic  yard. 
For  the  Rosendale  cement  concrete  in  the  floors,  1  man,  0.32  day  j^er 
cubic  yard. 

The  division  wall,  above  the  sand  line,  was  built  of  brick  in  Port- 
land cement,  and  faced  with  vitrified  brick.  The  slope  paving  was 
laid  on  a  foundation  of  8  ins.  of  Portland  cement  concrete,  composed 
of  1  part  cement,  3  parts  sand  and  7  parts  broken  limestone,  varying 
from  I  in.  to  2J  ins.  in  greatest  dimension.  The  vitrified  brick  slope 
paving  and  all  other  brickwork,  with  the  exception  of  that  in  the  house 
over  the  regulating  chamber,  was  laid  in  3  to  1  Portland  cement  mortar. 
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The  average  cost  of  the  exterior  concrete  wall,  slope  paving  and 
curb  was  $5  per  lineal  foot.  The  average  cost  of  the  division  wall  was 
^5.19  per  lineal  foot.  The  ordinary  brickwork  in  the  walls  cost  ^8 
per  cubic  yard.  The  vitrified  brickwork  in  the  walls  cost  $8.40  per 
cubic  yard. 

The  intake  chamber  extends  outside  of  the  first  row  of  sheeting,  and 
is  of  circular  form  on  the  outside,  to  better  withstand  the  pressure. 

The  filtering  gravel  is  of  the  following  sizes:  The  bottom  6  ins.  in 
depth  varies  from  3  ins.  to  1  in.  in  greatest  diameter;  the  next  3  ins., 
from  1  to  I  in.;  the  top  3  ins.,  |  in.  and  less.  With  the  exception  of 
a  small  portion  of  the  top  layer,  the  gravel  in  the  east  half  is  of 
crushed  trap  rock  and  hard  field  stone;  in  the  west  half  it  is  washed 
gravel  from  Cow  Bay,  Long  Island. 

The  sand  was  obtained  from  Cow  Bay,  and  was  delivered  in  barges 
at  the  dock  at  Nyack,  from  which  it  was  carted  to  the  beds  in  wagons. 
It  was  placed  in  the  beds  as  received,  as  was  also  the  crushed  stone 
and  gravel.     Both  sand  and  gravel  cost  5^2.15  per  cubic  yard  in  place. 

During  the  first  week  the  filter  was  operated  the  water  was  wasted, 
on  account  of  its  being  quite  turbid  and  tasting  of  the  cement.  After 
that,  it  was  jDumped  into  the  reservoirs,  although  still  quite  turbid. 
After  about  a  month  it  became  decidedly  better,  and  at  the  end  of  the 
second  month  the  turbidity  could  scarcely  be  noticed  in  an  ordinary 
glass,  but  still  showed  slightly  in  the  regulating  chamber,  where 
there  was  a  depth  of  about  8  ft. 

After  three  months  the  water  was  free  from  all  turbidity,  but  had  a 
slight  color.  In  a  glass  or  small  vessel  it  appeared  to  be  colorless,  but 
where  there  was  any  considerable  depth,  as  in  the  regulating  chamber, 
it  could  be  easily  noticed. 

In  the  intake  chamber  there  is  an  ordinary  12-in.  Ludlow  balanced 
float  valve,  which  regulates  the  dejjth  of  water  over  the  sand  to  3  ft., 
when  the  pumps  are  running;  otherwise,  3|  ft. 

The  rate  of  filtration  is  regulated  by  the  pumps,  which  draw  from 
the  pure-water  well  and  supply  the  reservoirs  in  the  village.  The 
pum^js  are  in  use  almost  every  day  for  at  least  9  hours,  and  run  at  a 
uniform  rate  while  in  operation. 

The  maximum  consiimption  of  water  is  at  the  rate  of  about  630  000 
galls,  per  day,  which,  if  one  bed  only  were  used,  would  give  a  maximum 
draft  of  about  3  326  000  galls,  per  acre  per  day.     This  condition,  how- 
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Fig.  1.— Placing  Sand  in  East  Filter  Bed. 


Fig.  2.— Completed  Filter  Basins  and  Regulating  Chamber. 
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ever,  is  not  realized  in  practice,  as  both  beds  are  used  at  the  same  time, 
except  wlieu  one  is  being  cleaned. 

The  development  of  the  springs  before  mentioned  is  reducing  to 
some  extent  the  amount  of  filtered  water  required,  and  the  total  con- 
sumption is  being  decreased  by  the  gradual  introduction  of  meters. 

The  i^ure-water  well  was  sunk  on  a  shoe  made  of  three  rings  of 
4-in.  yellow  iDine  bolted  together.  Each  ring  is  composed  of  six  sections. 
This  makes  a  solid  shoe  of  25  ft.  internal  and  28.5  ft.  external  diameter. 

An  excavation,  about  6  ft.  deep,  was  made  on  the  site  of  the  well, 
and  the  shoe  was  put  together  in  the  bottom.  Around  this  shoe  was 
erected  a  tub  or  casing  of  3  x  6-in.  x  15-ft.  yellow  pine  plank,  spiked 
to  the  shoe  and  held  in  place  by  three  iron  hoops  drawn  tight  by  bolts 
and  nuts.  The  20-in.  wall  was  then  built  on  this  shoe  to  a  height  of 
10  feet. 

Excavation  with  derricks  and  buckets  was  then  begun,  but,  later, 
the  second  contractor  erected  a  centrifugal  pump,  and,  iising  a  jet  of 
water  from  the  mains  under  about  150  lbs.  pressure,  softened  the 
clay  and  pumped  it  out. 

The  floor  was  made  by  laying  2-in.  planks  on  the  bottom,  and  over 
ihem  6  x  8-in.  yellow  pine  timbers,  inserted  in  holes  cut  in  the  brick- 
work just  above  the  shoe.  Rosendale  cement  concrete  1  ft.  thick  and 
of  the  same  character  as  that  on  the  bottom  of  the  filter',  was  then  laid 
on  the  bottom,  thus  covering  the  6  x  8-in.  stringers  4  ins.  deep.  On 
"this  a  4-in.  layer  of  Portland  cement  concrete  was  placed. 

The  well  was  covered  with  a  spherical  dome  of  6  ft.  rise,  the  radius 
of  the  sphere  being  16  ft.  To  relieve  the  thrust  of  this  dome,  a  f-in. 
cable  was  built  in  at  the  spring  line.  Of  this  cable,  125  ft.  were  used, 
it  being  double  on  the  side  toward  the  filter. 

The  embankments  were  formed  with  the  material  excavated  from  the 
original  surface,  without  cleaning  or  grubbing.  Where  it  was  found 
necessary  to  make  embankments  upon  which  the  slope  paving  was  to 
rest  great  care  was  taken  to  have  it  thoroughly  compacted  by  tamping 
Aud  then  settling  with  water.  Nothing  was  done  to  compact  the 
-embankments  above  the  slojje  paving,  excej)t  the  ordinary  teaming 
over  them.  They  were  designed  and  constructed  originally  on  a  slojje 
of  Ih  to  1,  with  the  walk  1  ft.  above  the  curb.  They  were  completed 
about  December,  1899,  and,  therefore,  could  not  be  seeded.  The 
•clay,  on  thawing  in  the  spring,  became  semi-liquid  and  ran  until  it 
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stood  at  a  slope"  of  from  2  to  1  to  3  to  1.  A  great  deal  of  it  ran  over 
the  curb  and  upon  the  filter  beds  which  were  then  being  used.  This 
was  cleaned  off,  and  then  the  banks  were  cut  back  to  a  2  to  1  slope, 
topped  with  1  ft.  of  loam,  and  seeded,  and  the  grade  of  the  walk  was 
lowered  to  the  toja  of  the  curb. 

In  order  to  keep  the  foot  of  the  embankment  in  place  it  was  found 
necessary  to  excavate  the  walk  to  the  4-in.  sub-grade  and  fill  in  with 
crushed  stone;  which  furnished  suflficient  weight  to  prevent  the  press- 
ure of  the  embankment  from  raising  the  soft  material  under  the 
walk. 

When  the  beds  were  cleaned  for  the  second  time  it  was  found  that 
the  clay  had  never  been  thoroughly  removed  from  them.  In  order  to 
remove  it,  the  sand  to  a  depth  of  from  IJ  to  3  ins.  was  taken  off  and 
replaced  with  clean  sand.  The  beds  were  finally  completed  about  May 
1st,  1900. 

The  cost  of  the  filters  is  shown  in  the  following  table: 

Sheet  piling  in  place ^3  300 

Sustaining  f)ilf^s  in  place 1  558 

Excavation 

Grading  and  soiling 

Engineering 

Inspection  and  tests 

Rosendale  cement  concrete  in  floors 

Portland  "  "  "       

Rosendale         "  "  walls 

Portland  "  "  slope  paving 

Vitrified  brick,  slope  paving 

Cui'b  in  place 

Underdrains 

Filtering  material .' 

Hemlock  lumber,  capping  and  floors 

Yellow  pine  lumber     "         "         "     

House  over  regulating  chamber 

Pipe  laying,  etc 

Miscellaneous 

Total ^29  094 


5  270 

1500 

3  6M 

713 

1958 

780' 

1892 

484 

113 

250 

347 

5  524 

838 

465 

150 

58 

250 
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By  Messrs.  J.  James  E.  Ceoes,  W.  B.  Eeed,  G.  W.  Tillson,  Mendes 
Cohen,  Samuel  Whinery  and  Samuel  M.  Eowe. 


J.  James  E.  Oroes,  M.  Am.  Soc.  C.  E.— This  interesting  paper  con-  Mr.  Croes. 
tains  many  valuable  facts  and  figures,  but  the  variety  of  notation  used 
in  presenting  them  renders  it  somewhat  difficult  to  compare  the  results 
attained  in  different  countries  and  by  different  processes  of  preserva- 
tion. Thus,  in  Table  No.  1,  which  gives  data  from  English  railroads, 
the  amount  of  creosote  used  is  given  in  i^ounds  per  cubic  foot,  gallons 
per  cubic  foot,  pounds  per  tie  and  gallons  per  tie,  indiscriminately, 
without  any  statement  as  to  the  relation  of  the  tie,  the  cubic  foot,  the 
pound  and  the  gallon.  Then,  too,  the  number  of  ties  renewed  annu- 
ally is  given  without  any  reference  to  the  total  number  of  ties  in  use 
or  the  length  of  the  track,  except  in  one  case  where  the  number  of  ties 
renewed  annually  per  mile  is  given.  So,  also,  in  Table  No.  2,  giving 
data  of  French  railroads,  the  length  of  track  on  which  the  observations 
were  made  is  not  given  at  all;  simply  the  total  number  of  ties  renewed 
annually.  However,  the  cost  of  treatment  per  tie  is  given  uniformly 
in  American  cents  per  tie  and  that  is,  after  all,  what  it  is  necessary  to 
know,  in  connection  with  the  life  of  the  tie,  to  determine  the  relative 

*This  discussion  (of  the  paper  by  Octave  Chanute,  Past-President,  Am.  Soc.  C.  E., 
printed  in  Proceedings  for  September,  1900)  is  printed  in  Proceedings  in  order  that  the 
views  expressed  may  be  brought  before  all  members  of  the  Society  for  further  dis- 
cussion 

Communications  on  this  subject  received  prior  to  January  36th,  1901.  will  be  printed 
in  a  later  number  of  Proceedings,  and  subsequently  the  whole  discussion  will  be  published 
in  Transactions. 
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Mr.  Croes.  advantage  of  using  different  methods  of  treatment  or  no  treatment 
at  all.  As  the  author  well  says,  it  is  not  economical  to  spend  as 
much  money  on  the  jjreservation  of  a  cheap  tie  as  might  be  spent  in 
extending  the  life  of  one  of  great  first  cost,  and,  therefore,  cheaper 
and  more  inferior  methods  of  preservation  than  are  found  advanta- 
geous in  Europe,  where  the  timber  costs  more,  may  well  be  applied 
in  this  country. 

The  author  gives  as  the  first  two  of  the  leading  features  of  tie 
treatment  in  Europe,  (1)  close  inspection  of  raw  ties,  rejecting  all 
defects,  and  (2)  thorough  seasoning  for  six  to  twelve  months  before 
treatment.  It  appears  that  he  has  found  it  desirable  to  introduce 
these  features  in  his  own  works  in  this  country.  A  number  of  railroad 
managers  and  engineers  have  found  it  to  their  advantage  to  take  the 
same  jorecaution  with  reference  to  the  ties  to  be  used  in  their  roads, 
"without  treatment.  Indeed,  some  engineers  go  so  far  as  to  say  that 
this  preliminary  treatment  appears  to  prolong  the  life  of  the  average 
tie  more  than  the  subsequent  injection  of  a  small  quantity  of  cheap 
chemicals.  It  would  seem  as  if  this  question  was  worth  a  careful 
investigation  and  a  comparison  of  two  distinct  sections  of  road,  one 
laid  entirely  with  untreated  ties  selected  and  seasoned  under  cover 
for  a  proper  length  of  time,  and  the  other  laid  with  treated  ties  from 
some  one  of  the  commercial  tie  plants.  One  difficulty  connected  with 
the  determination  of  the  whole  question  is,  as  the  author  says,  the  fact 
that  it  requires  nearly  half  a  business  lifetime  to  arrive  at  any  results, 
and  the  proportion  of  an  official  lifetime  is  much  greater.  In  carrying 
out  any  series  of  experiments  or  inspection,  uniformity  of  method  is 
desirable,  and  that  is  not  easily  maintained  under  changes  of  adminis- 
tration. From  the  Society  lists  for  the  years  1890  and  1900  it  appears 
that  of  one  hundred  members  holding  the  position  of  chief  engineer  of 
a  railroad  in  the  former  year  only  30 '\,  held  the  same  position  in  1900. 
Promotion,  transfer,  resignation  or  death,  had  caused  the  changes  of 
administration,  and,  in  the  absence  of  any  uniform  and  standard  sys- 
tem of  recording  facts  and  statistics,  had  doubtless  produced  changes 
of  method  which  caused  previously  collected  data  to  be  of  little  or 
no  use.  The  valuable  papers  of  Mr.  Chanute  and  Mr.  Curtis*  empha- 
size the  need  of  a  concei't  of  action  among  the  engineers  of  railroad 
maintenance,  in  the  collection  and  recording  of  important  statistics. 

Mr.  Reed.  w.  B.  Eeed,  Assoc.  M.  Am.  Soc.  C.  E.— There  are  a  few  vulcanized 
ties  on  the  Metropolitan  Railway,  and,  as  nearly  as  the  speaker  can 
ascertain,  these  were  laid  about  eight  years  ago.  In  taking  out  some  of 
them  recently,  they  were  found  to  be  so  soft  that  they  would  not  hold  a 
spike.  They  did  not  seem  to  be  decayed,  but  had  evidently  absorbed 
more  or  less  moisture  from  the  ground,  and  were  not  fit  to  be  used 
again.  On  the  other  hand,  some  long-leaf  Georgia  jjine  or  southern 
*  Transactions,  Am.  Soc.  C.  E.,  "Vol.  xlii,  p.  288. 
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pine  ties,  without  auv  treatment,  whicli  had  been  laid  by  the  speaker  Mr.  Reed, 
six  years  or  seven  years  ago,  are  perfectly  fit  to  be  used  again,  and  are 
thought  to  be  good  for  five  or  six  years'  more  service.  Of  course,  the 
conditions  are  different  from  what  they  would  be  on  a  steam  railroad, 
or  on  an  elevated  railroad.  The  ties  are  protected,  more  or  less,  by  the 
paving  of  the  streets,  and  are  surrounded  by  the  gases  of  various  kinds 
under  the  street  pavements  of  New  York.  Whether  or  not  that  is  a 
preservative,  the  speaker  is  unable  to  say. 

Eight  or  nine  years  ago,  the  speaker  iised  5  000  vulcanized  ties  in  a 
surface  railroad  in  the  northern  part  of  New  York  State.  Five  or  six 
years  later,  owing  to  a  change  in  the  paving,  some  of  these  ties  were 
dug  lip  and  were  found  to  be  so  soft  that  they  would  not  hold  a  spike, 
although  they  did  not  show  much  decay. 

These  ties  were  of  short-leaf  yellow  pine,  which  may  be  one  cause 
for  the  trouble.  The  wood  was  certainly  softer  in  the  beginning  than 
the  hard  pine  now  being  used  in  the  streets  of  New  York  where  tie  con- 
struction is  used. 

The  speaker  is  not  able  to  say  whether  or  not  these  soft  ties  would 
have  hardened  when  dried  out  by  exposure  to  the  air.  He  did  not  try 
them,  as  he  did  not  think  they  were  worth  saving.  The  whole  tie  was 
very  soft,  and  there  was  not  a  great  deal  of  moisture.  The  ties 
referred  to  were  taken  out  at  the  intersection  of  Twenty-third  Street 
and  Ninth  Avenue,  where  the  ground  is  not  low,  but  is  fairly  well 
drained,  although  the  paving  at  that  point  had  no  concrete  founda- 
tion, and  more  or  less  moisture  could  get  through  the  pavement  into 
the  ground.  The  other  ties  taken  out  (long-leaf  southern  pine,  not 
treated)  were  on  South  Street.  They  were  protected  more  or  less  by 
a  concrete  foundation  under  a  granite  block  pavement,  with  tar  and 
gravel  joints,  but  South  Street  is  very  wet  a  great  deal  of  the  time;  in 
fact,  it  is  flooded  with  water  for  a  long  time  after  a  storm,  so  that  the 
ground  underneath  is  a  good  deal  more  moist  than  at  Twenty-third 
Street  and  Ninth  Avenue. 

G.  W.  TilijSon,  M.  Am.  Soc.  C.  E. — The  speaker  was  interested  Mr.  Tillson. 
some  time  ago  in  looking  uj)  the  methods  and  history  of  the  pres- 
ervation of  timber,  to  see  how  long  ago  it  was  first  taken  up,  and  the 
many  and  curious  experiments  which  were  made.  It  is  known  that  as 
far  back  as  1657  a  German  recommended  the  use  of  tar  as  a  preserva- 
tive of  timber,  and  Baumeister,  m  179S,  was  very  much  in  favor  of  the 
use  of  salt.  It  was  found  that  the  timber  used  in  shijjs  engaged  in  the 
salt-carrying  trade,  as  well  as  that  used  in  the  shoring  up  of  salt  mines, 
lasted  a  much  longer  time  than  timber  under  ordinary  conditions,  and 
the  speaker  was  surprised  this  last  summer,  when  visiting  the  wooden 
shipbuilding  section  of  Maine,  to  find  that  they  made  use  of  that  jirac- 
tice  there  now.  The  salt  is  distributed  in  great  quantity  among  the 
timbers  in  the  framework  of  the  vessel,  between  the  outer  and  the 
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Mr.  TUlsoD.  inner  planking,  and  adds  materially  to  the  life  of  the  vessel.  This 
value  of  the  salt  is  considered  more  on  account  of  its  hygroscopic  than 
its  antiseptic  properties. 

Boucherie,  of  whom  the  author  speaks,  had  a  system  of  treatment 
in  the  early  part  of  the  nineteenth  century,  which  was  certainly  novel 
and  unique.  The  timber  to  be  treated  was  chosen  while  standiug  in 
the  forest.  Large  cuts  were  made  at  the  bottom  of  the  trunk  and  a 
receptacle  built  around  it;  then  the  liquid  projiosed  to  be  tised  was 
put  in  this  receptacle  and  the  respirative  action  of  the  tree — 
the  suction — drew  the  liquid  up  into  the  trunk  and  branches  and  thus 
preserved  it.  Another  method,  practically  the  same,  although  some- 
what different  in  detail,  was  to  cut  the  tree  down  first  and  then  insert 
the  butt  of  the  tree  in  a  vat  containing  the  preserving  liquid.  It  is 
stated  in  Parnell's  Applied  Chemistry  that  a  poplar  tree  90  ft.  high 
absorbed  10  cu.  ft.  of  acetate  of  iron  in  six  days,  the  liquid  having  a 
specific  gravity  of  1.056,  and  that  it  would  go  up  as  far  as  the  leaves. 
If  engineering  is  admitted  to  be  the  adaptation  of  the  powers  of  Nature 
to  the  uses  of  man,  this  would  seem  to  be  a  case  of  the  pure  science. 

In  Mr.  Rummer's  pajjer*  some  reference  is  made  to  the  treatment 
of  wood  for  pavements.  The  speaker  thinks  that  Indianapolis,  Ind., 
is  the  only  city  in  this  country  in  which  wood  as  a  paving  material  for 
an  imjjroved  jjavement  is  being  considered  seriously.  Experiments 
have  been  conducted  there  for  three  or  four  years,  and  this  year  a 
large  quantity  of  it  has  been  laid.  The  timber  is  treated  by  the  ordi- 
nary creosoting  process,  the  specifications  requiring  10  lbs.  of  oil  per 
cubic  foot  of  wood.  The  pavements  treated  by  this  method  cost 
about  .S2.50  jaer  yard.  In  London  and  other  English  cities  which  use 
wood  as  a  pavement,  soft  wood,  Baltic  deal,  is  treated,  while  hard  or 
Australian  woods  are  untreated.  Of  course,  the  principle  by  which 
they  determine  whether  they  shall  or  shall  not  creosote  the  wood  is 
practically  the  same  as  with  railroad  ties.  If  the  traffic  is  such  that 
the  wood  will  wear  out  before  it  would  naturally  decay,  it  is  not 
treated;  but  if  the  trafiic  is  light,  so  that  the  wear  will  not  be  very 
much,  but  the  life  of  the  pavement  be  determined  by  its  ability  to 
resist  the  action  of  the  weather,  then  the  question  of  creosoting  comes 
in,  and  when  the  relative  lives  of  the  creosoted  and  the  uncreosoted 
blocks  are  known,  and  also  the  cost  of  the  treatment,  whether  it  shall 
or  shall  not  be  used  is  simply  a  question  of  mathematics,  as  in  the 
case  of  ties. 

Mr.  Cohen.  Mendes  Cohen,  Past-President,  Am.  Soc.  C.  E.— When  this  subject 
was  under  discussion  before  the  Society  some  years  ago,  the  speaker 
stated  as  the  result  of  his  experience  with  the  Burnettizing  process  on 
the  railways  of  the  Lehigh  Coal  and  Navigation  Company,  while  under 

*  "  A  Proposed  Method  for  the  Preservation  of  Timber,"  Transactions^  Am.  Soc.  C. 
E..  Vol.  xhv,  p.  181. 
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Ms  charge,  that  the  jn-ocess  was  effective,  not  only  in  increasing  the  Mr.  Cohen, 
durability  of  the  ordinary  tie  timber,  but  that,  m  a  measure,  it  tended 
to  lessen  the  original  average  cost  of  the  ties  by  making  available  for 
such  use  some  of  the  softer  timber,  greatly  toughened  by  the  treat- 
ment, which  could  not,  otherwise,  have  been  used  in  the  track. 

He  also  then  stated  that  the  iise  of  the  Burnettizing  process  was 
suspended  on  that  work  only  because  the  location  and  arrangement  of 
the  yard  and  plant  was  not  consistent  with  economical  handling. 
Before  its  re-location  was  effected,  the  railway  property  passed  into 
the  control  of  another  corporation,  and  the  speaker  had  no  further 
information  in  regard  to  it. 

Samuel  Whineky,  M.  Am.  Soc.  C.  E. — From  the  speaker's  observa-  Mr.  Whinery. 
tion  in  a  number  of  cases,  he  thinks  that  a  great  deal  more  importance 
attaches  to  the  projier  selection  of  the  wood  to  be  treated  than  has 
often  been  devoted  to  the  matter.  In  some  of  the  work  which  he  has 
observed,  the  timber  was  cut  without  much  reference  to  whether  it  was 
long-leaf  yellow  pine  or  scrub  pine.  It  was  brought  to  the  works  in 
all  conditions  of  seasoning,  and  he  has  no  doubt,  from  the  observa- 
tions made  since,  as  well  as  from  what  Mr.  Chanute  states  in  the  paper, 
that  the  careful  selection  of  the  timber  and  its  proper  preparation  by 
seasoning  before  it  is  treated  has  much  to  do  with  the  success  of 
the  process,  In  the  case  of  laaving  blocks,  there  can  be  no  question 
that  properly  selected  wooden  blocks,  properly  creosoted,  will  give 
much  better  results  in  all  cases  where  untreated  blocks  would  fail 
by  natural  decay  before  they  are  worn  out  by  the  travel  over  them ; 
but  it  is  very  doubtful  whether  creosotmg  adds  anything  to  the  ability 
of  the  blocks  to  withstand  the  abrasion  of  travel. 

From  what  one  often  sees  in  practice,  it  would  seem  that  anything 
is  considered  good  enough  to  creosote.  That  is,  that  almost  any  kind 
of  wood,  even  if  partly  decayed,  is  all  right  if  creosoted.  The  idea  that 
creosoting  is  a  cure  for  all  the  evils  that  wood  is  heir  to  is  undoubt- 
edly wrong.  If  great  care  were  taken  to  properly  select  the  timber, 
and  to  properly  jorepare  it  for  the  process,  there  would  be  fewer  records 
of  failure. 

Those  who  have  had  experience  in  using  yellow  pine  ties  on  south- 
ern railroads  know  very  well  that,  in  the  first  place,  there  are  not 
many  inspectors  who  can  distinguish,  when  a  tie  is  dressed  and  deliv- 
ered on  the  road,  whether  it  is  of  long-leaf  yellow  pine  or  bastard  pine, 
that  is,  in  appearance  one  merges  so  gradually  into  the  other  that  it  is 
sometimes  difficult  to  decide.  We  know  very  well,  though,  that  of  a 
lot  of  ties  put  into  a  track  at  a  given  time,  some  will  begin  to  fail  in  4 
years,  more  Ln  5  and  many  more  in  6  years,  and  that  some  will  last  10 
years,  and  a  few  will  last  even  11  and  12  years.  The  conditions  of  use 
being  practically  the  same,  the  difference  in  durability  must  be  due  to 
a  variation  in  the  quality  of  the  timber. 
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Mr.  Rowe.  Samuel  M.  RowE,  M.  Am.  Soc.  C.  E.  (by  letter). — Mr.  Chanute's 
IJajjer,  embodying,  as  it  does,  a  fair  epitome  of  European  experience 
and  knowledge  uii  to  the  present  time,  is  of  much  interest  to  those 
concerned  in  timber  preservation  in  this  country,  and  seems  to  deserve 
more  than  a  passing  notice 

The  following  is  a  synopsis  of  the  salient  points  to  which  the 
writer  will  revert,  and,  for  the  sake  of  brevity,  and  to  avoid  the 
necessity  of  referring  directly  to  the  subject  in  each  individual  case, 
he  will  take  them  up  in  the  order  given: 

(a)  Greater  cost  of  creosoting  than  of  Buruettizing. 

(b)  Life  of  treated  ties  in  Europe  as  compared  with  this  country. 

(c)  Selection  of  timber. 
{(l)  Drainage  of  road  bed. 

{e)  Thorough  permeation  of  the  timber  by  the  preservative. 
(/)  Increasing  the  amount  of  chemicals  injected. 
{g)  Minute  care  during  all  stages  of  treatment.      (Impregnation.) 

(//)  Treatment  of  oak.     (White  oak.) 

(i)  Test  of  strength  and  purity  of  chemicals. 

(j)  Timber  supply. 

[(t)  In  regard  to  the  creosote  process,  Mr.  Chanute's  observations  in. 
Eiirope  seem  to  confirm  the  correctness  of  the  j^osition  taken  by  the 
writer  and  many  others  in  this  country,  that,  owing  to  the  difficulty  of 
procuring  suitable  oil,  and  from  its  large  and  continually  increasing 
cost,  the  process  is  virtually  ruled  out  in  this  country,  except,  per- 
haps, in  special  work  required  to  protect  timber  against  the  teredo. 

This  is  also  true,  in  some  degree,  with  the  zinc-creosote  process  by 
Mr.  Rutgers,  of  which  process  Mr.  Chanute  seems  to  think  very 
highly. 

(b)  In  regard  to  the  life  of  treated  ties  in  this  country,  the  exjDeri- 
ence  on  the  Atchison,  Toj^eka  and  Santa  Fe  R.  R.  and  the  Southern 
Pacific  R.  R.,  after  12  to  15  years,  seems  to  fix  the  mean  at  10  to  12 
years,  where  the  zinc-tannin  process  was  used. 

In  this  connection,  the  writer's  experience  may  be  of  value.  The 
original  mountain  pine  ties  were  laid  on  a  portion  of  the  Southern 
Division  of  the  A.  T.  &  S.  F.  R.  R.  in  1880,  and  by  1886  the  right  of 
way  was  strewn  with  removed  ties,  or  rather,  with  masses  of  rotten 
wood,  having  but  little  semblance  to  the  ties  originally  laid.  There 
was  then  a  standing  order  that  removed  ties  should  be  piled  and  shipped 
to  the  division  j)oints  for  locomotive  fuel.  Finally,  the  accumu- 
lation became  so  great  and  its  unfitness  for  fuel  so  obvious,  that  many 
huge  bonfires  were  the  result.  From  this  experience  with  untreated 
pine  ties,  a  life  of  4^  years  was  all  that  could  be  deduced.  Some  of 
these  ties  failed  in  the  third  year,  and  the  company  was  face  to  face 
with  a  serious  problem.     In  July,   1885,  the  Las  Vegas  Timber  Treat- 
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ing  Works  wei'e  installed,  aud  liave  been  in  almost  constant  operation  Mr.  Rowe. 
since,  but  no  systematic  count  of  treated  ties  removed  was  made 
until  early  in  1897,  since  which  time  the  company  has  worked  quite 
carefully  to  secure  a  record.  Although  this  record  is  too  limited  as 
yet  for  definite  estimate,  it  furnishes  a  basis  for  a  statement  (by  the 
laws  of  averages)  by  which  the  jn-obable  mean  life  can  be  estimated. 
On  the  assumption  that  the  mean  life  is  12  years,  it  is  found  that  of  the 
earlier  treated  ties,  not  anything  like  the  numbers  that  should  have 
perished  have  been  removed,  so  that  it  is  proper  to  assume  that  12 
years  is  too  low.  The  writer  is  informed  that  very  many  ties  laid  in 
1885  are  still  in  the  track,  and  he  would  not  be  surprised  to  find  some 
still  in  at  the  end  of  the  twentieth  year.  To  settle  this  definitely, 
however,  will  require  the  record  of  the  next  3  or  4  years.  We  have, 
nevertheless,  sufficient  to  show  the  marked  contrast  between  the  un- 
treated and  the  treated  ties,  and  there  are  frequent  acknowledgments 
from  the  management  that  the  substitution  of  the  treated  ties  has  re- 
sulted in  marked  economy.  It  shoiild  be  further  remarked,  that  the 
condition  of  the  track  is  now  very  much  better  than  was  possible  when 
untreated  ties  were  being  lased,  and  that  the  treated  ties,  when  removed, 
are  in  much  better  condition  than  the  untreated,  having  still  con- 
siderable sound  timber  remaining,  whereas  the  untreated  ties  when 
removed  are  entirely  gone. 

There  is  no  parallel  by  which  to  compare  the  results  with  those  in 
Europe,  except  one  case  of  jnne  in  France,  and  in  the  case  of  Mr. 
Rutger's  zinc-creosote,  where  the  result  as  to  life  is  somewhat  better 
than  is  given  here  with  the  zinc-tannm  jn'ocess. 

(c)  The  advisability  of  drawing  high  requirements  as  to  the  qiiality 
of  the  timber  in  this  country  is  not  clear,  except  merely  for  comparison 
with  work  in  Europe  where  the  si^ecifications  are  severe,  which  is  here 
of  little  consequence  practically.  The  fact  is,  that  the  tie  supply  in 
this  country  has  been  and  will  continue  to  be  drawn  from  inferior 
woods;  and  even  with  the  oaks,  only  the  inferior  portion  is  being  made 
into  ties,  while  the  select  portions  go  to  other  purposes.  This  is  true 
as  to  other  and  less  durable  timbers,  not  heretofore  considered  fit  for 
ties;  hence  the  railroads  will  continue  to  buy  the  cheaper  grades.  It 
is  in  consequence  of  these  conditions  that  the  soft  and  inferior  woods, 
by  the  aid  of  treatment  by  which  their  lasting  qualities  are  made 
greater  than  those  of  the  best  oak,  will  be  sought.  Thus  is  opened  a 
much  enlarged  field  of  supply,  together  with  a  reduction  in  cost  and  a 
very  marked  reduction  in  the  cost  of  maintenance. 

Another  point  which  may  properly  be  noticed  is  the  sawing  of 
ties  from  large  logs,  which  should  make  good  ties  on  account  of  the 
superiority  of  the  timber  and  its  lasting  qualities  compared  with  the 
sap-pole  tie  made  from  the  same  kind  of  timber.  The  timber  should 
last   one-half   longer   at   least,    other   conditions   being   equal.     The 
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Mr.  Rowe.  iDractice  now  common  is  to  cut  tlie  ties  6x8  ins.,  and  8  ft.  long,  con- 
taining 2f  cu.  ft. ,  while  the  mean  volume  of  the  pole  tie,  upon  which 
the  number  and  distribution  of  ties  under  the  rail  has  been  founded 
in  railroad  i^ractice,  is  more  than  4  cu.  ft.  These  sawed  ties  are  so 
small  that  they  do  not  form  a  sufficient  support  for  the  rail,  unless 
the  number  is  materially  increased;  and  they  are  apt  to  fail,  from 
rail  wear  or  from  insufficient  body  to  hold  the  spikes,  long  before  the 
timber  decays.  It  would  seem  that  a  tie  7  x  9  ins.,  with  a  volume  of 
So  cu.  ft.,  would  be  as  small  as  should  be  made.  Such  a  tie,  properly 
treated,  would  last  15  years  or  more. 

In  connection  with  English  timber  preservation,  Mr.  Chanute 
mentions  "  Baltic  redwood."  In  discussing  these  questions  it  would 
be  well  to  state,  for  each  kind  of  wood,  the  characteristics  by  which 
it  might  be  judged.  These  characteristics  have  much  to  do  with  the 
lasting  qualities,  and,  if  some  standard  could  be  devised,  for  instance, 
the  oak,  heavy,  close-grained,  strong  and  lasting,  the  beech,  walnut, 
etc.,  close,  even  grain,  but  not  so  strong  or  lasting,  and  lastly, 
the  pines,  etc.,  so  as  to  enable  those  interested  to  judge  some- 
what as  to  their  character,  it  would  be  a  great  aid  in  comparing 
results.  Mountain  pine,  to  which  western  railroads  are  obUged  to 
resort,  runs  largely  to  open-grained  timber,  easily  penetrated  and 
taking  the  treatment  readily  if  dry,  yet  it  is  an  inferior  timber,  with 
many  imperfections.  Of  course,  some  jiortions  of  the  large,  well- 
grown  trees  give  sound,  compact,  well-matured  fiber,  and  therefore, 
should  be  quite  lasting,  but  taking  all  together,  the  timber  treated  in 
Europe,  high  priced,  cut  and  shipjjed  under  severe  specifications, 
forms  hardly  a  fair  parallel.  The  very  fact  that  these  A.  T.  &  S.  E. 
R.  R.  ties  have  been  made  to  last  12  years,  or  anything  like  it,  speaks 
well  for  the  efficiency  of  the  treatment  and  methods  followed  at  Las 
Vegas. 

{d)  Mr.  Chanute  mentions,  as  one  of  the  conditions  favorable  to 
the  life  of  the  tie,  the  thorough  drainage  of  the  road-bed. 

In  this  coimtry,  in  almost  all  cases,  the  treated  ties  are  shipped 
directly  from  the  works  to  the  locality  where  needed,  and  are  there 
racked,  ready  to  be  put  in  place.  In  the  interval,  they  receive  a 
certain,  or  rather,  an  uncertain,  amount  of  drying,  and  are  then  put 
in  track.  In  a  dry  climate  this  is  not  so  important,  but  m  a  moist 
climate  it  is  conceded  that  the  ties  should  be  quite  dry  before  being 
placed.  Taking  this  condition  as  requisite,  the  effect  on  the  tie  of 
exposure  to  the  elements  will  be  considered.  The  generally  accepted 
theory  of  the  capillary  process  of  absorption  of  water  when  the  wood 
comes  in  contact  with  it,  is  probably  correct.  The  chloride  in  the 
treated  tie,  being  readily  soluble,  is  dissolved  by  the  water,  and 
carried  with  it  as  it  penetrates  the  piece.  By  the  contrary  operation 
of  surface  evaporation  in  drying  out,  the  chloride  will  be  gradually 
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dropped,  aud  finally,  such  of  it  as  readies  the  surface  of  the  wood,  Mr.  Rowe. 
will  be  deposited  on  its  surface,  or  in  the  soil  in  which  the  tie  is 
bedded  and  there  be  lost.  It  is  easy  to  see  that  this  may  result  in 
loss  aud  final  wasting  away  of  the  antiseptic  to  a  greater  or  less  degree, 
depending  upon  the  frequency  of  the  exposure.  Then,  when  drain- 
age is  imperfect  and  the  tie  lies  in  the  water  all  the  time,  the 
absorption  being  continually  from  the  bottom  aud  the  evaporation 
from  the  top,  it  is  easy  to  see  that  the  waste  must  be  more  rapid  than 
when  it  is  alternated,  as  by  showers  of  rain. 

In  confirmation  of  this  general  theory,  the  Department  of  Agri- 
culture has  made  some  careful  investigations  on  alkali  soils,  by  which 
it  is  found  that  alkali  sinks  into  the  soil  on  free  application  of 
irrigating  water,  allowing  cultivation  of  the  soil,  but  when  the  irri- 
gation ceases  and  the  ground  is  exposed  to  extended  drought,  the 
alkali  again  rises  and  the  land  becomes  sterile  as  before. 

The  alkali  (sodium  sulphate)  existing  in  the  soils  and  ground- 
waters of  the  western  plains  has  the  same  characteristics  as  chloride 
of  zinc,  being  only  a  little  more  readily  soluble,  and  increases  the 
specific  gravity  of  the  water.  At  Edgemont,  S.  Dak.,  the  water  used 
has  nearly  125  grains  of  sodium  sulphate  per  gallon,  giving,  at  60° 
Fahr.,  a  hydrometric  reading  of  0.25°  Beaume,  so  that  this  correction 
has  to  be  made  in  reading  the  strength  of  the  chloride  solution. 

It  would  seem,  too,  that  the  effect  of  water  on  creosoted  timber, 
while  not  so  deleterious  as  on  the  chloritle  (as  it  only  affects  the  lighter 
and  less  valuable  parts  of  the  oil),  is  still  sufficient  to  demand  atten- 
tion. Creosote  not  being  at  all  soluble,  a  different  cause  for  its  ex- 
pulsion must  be  sought.  It  is  well  known  that  wood  expands  when 
exposed  to  dampness,  the  wood  fiber  absorbing  the  water  and  opening 
up,  while  the  wood  swells.  The  result  is  that  the  oils  are,  to  some 
extent,  squeezed  out. 

In  this  connection  the  writer  has  under  examination  samples  of 
paving  blocks  treated  by  the  "  Creo-resin  process,"  furnished  by  the 
kindness  of  City  Engineer  Erickson.  These  blocks  seem  to  be  well 
impregnated  with  creosote  oil,  reinforced  by  a  quantity  of  resinous 
l^itch,  and  they  have  every  appearance  of  being  an  excellent  paving 
material.  These,  with  similar  untreated  blocks,  were  immersed  in 
water  on  September  4th,  1900,  and  have  now  been  in  GO  days.  At  30 
days  the  absorption  by  the  treated  blocks  was  only  about  33%  of  that 
of  the  untreated,  the  resinous  jjitch  exviding  but  slightly;  but  at  the 
end^of  60  days  the  absorption  of  the  treated  blocks  had  gained  con- 
siderably, as  compared  with  those  untreated,  and  a  large  amount  of 
pitch  had  come  to  the  surface,  appearing  in  large  globules  adhering  to 
the  blocks.  So  marked  was  this  action  that  it  was  deemed  desirable 
to  extend  the  experiment  another  month,  and  note  further  its  extent. 

Keverting  to  the  original  question  of  thorough  drainage  of  the 
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Mr.  Rowe.  roadbed,  it  would  seem  unnecessary  to  insist  on  this  in  this  advanced 
age  of  railroading,  as  such  neglect  is  so  destructive  to  the  track  as  a 
whole  and  to  the  re])utation  of  the  roadmaster.  It  is  easy  to  see  that 
if  the  action  just  described  takes  place,  it  would  be  likely  to  soon 
exhaust  any  antiseptic  that  could  be  put  into  the  timber. 

(e)  The  most  thorough  jjermeation  of  the  timber  by  the  antiseptic 
is  a  fundamental  part  of  the  work,  so  far  as  the  zinc-tannin  or  the  Bur- 
nett process  is  concerned.  The  application  of  a  stronger  solution 
superficially  will  not  make  up  for  the  lack  of  j^ermeation,  as  it  is  not 
known  that  the  chloi'ide  will  diffuse  in  time.  Steaming  under  press- 
ure is  the  best  and  most  effective  means  to  secure  through  jjermea- 
tion,  and  it  must  be  gauged  or  prolonged  to  meet  the  character  and 
condition  of  the  timber.  Oversteaming  sometimes  will  reduce  the 
amount  of  absorption  of  the  solution,  but,  on  the  other  hand,  the  per- 
meation will  be  more  perfect.  Thorough  permeation  by  the  steam  can 
be  best  observed  by  noting  the  character  and  condition  of  the  con- 
densations blown  from  the  retort  from  time  to  time.  First  will  be  ob- 
served the  condensations  caused  by  the  steam  coming  into  contact 
with  the  more  or  less  cold  charge;  next,  will  follow  a  discharge  of 
water  tainted  with  the  juices  of  the  timber,  increasing  in  its  turbid 
and  frothy  condition  as  the  steaming  progresses,  and  then  losing  this 
character  gradually  and  flowing  oflf  in  the  form  of  pure  condensed 
steam  or  water.  This  last  stage  indicates  that  the  steam  has  reached 
the  heart  of  the  timber,  which  is  then  in  proper  condition  to  receive 
the  solution,  whether  creosote  oil,  chloride  solution  or  whatever  is 
used.  From  the  quantity  of  this  highly  charged  water  thus  thrown 
ofl^,  the  impression  is  that  the  timber  has  been  cleared  largely  of  its 
natural  juices  and  of  fermentable  matter  inherent  therein.  The 
vacuum  drawn  at  the  termination  of  steaming,  of  course,  will  still  fur- 
ther free  it  from  any  remnants  of  saps,  but  its  chief  function  is  to  draw 
the  air  and  vapors  from  the  retort  and  prepare  the  timber  for  the  in- 
troduction and  absorption  of  the  solution,  which  is  let  in  while  the 
vacuum  is  still  on. 

How  absorption  takes  place  when  this  point  is  reached,  the  follow- 
ing observations  made  at  Las  Vegas  in  1885  will  best  show: 

Hewn  ties.  Sawed  ties. 

First  half-hour.    0.42  jier  cent.         0.54  per  cent. 

Second  half-hour 0.24  "  "  0.31  "  " 

Third  half-hour 0.16  "  "  0.07  "  " 

Fourth  half-hour 0.11  "  "  0.04  "  " 

Fifth  half-hour  0.07  "  "  0.03  "  " 

(/)  The  question  of  the  injection  of  liberal  quantities  of  chemicals 
is  of  great  interest  just  now,  when  managers  are  looking  to  reduction 
of  cost.  The  chemicals  form  the  most  costly  part  of  the  treatment, 
and,  while  it  must  be  insisted  that  enough  be  used  to  get  the  best  re- 
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suits,  there  is  au  extreme  wLich  cannot  be  passed  witliout  wasteful-  Mr.  Rowe. 
uess.  At  the  time  the  writer  was  in  the  a-b-c  of  this  matter,  he  was 
instructed  that  fo~o  of  ^%  of  the  weight  of  the  timber  was  the  mini- 
mum amount  of  chloride  allowable.  On  this  basis,  a  careful  deter- 
mination of  the  mean  weight  i)er  cubic  foot  of  the  dry  ties  for  treatment 
at  Las  Yegas  was  31  lbs.  or  thereabout.  One-quarter  of  1%  would  be 
0.075  lb.  of  pure  chloride,  or  a  little  over  1  oz.  per  cubic  foot  of  tim- 
ber. In  view  of  the  statements  in  the  preceding  jjaragraph,  it  might 
seem  to  be  enough.  In  any  case,  the  mean  absorption  of  the  ties 
treated  in  1885  was  about  ^  lb.  per  cubic  foot.  The  absorption  of 
some  of  these  ties  probably  did  not  exceed  the  minimum  mentioned^ 
and  yet,  these  1885  ties  are  being  jjointed  to  as  eminently  good.  The 
strength  of  the  chloride  solution  then  used  was  0.015,  or  1^%,  and  the 
average  absorption,  compai'ed  to  volume  of  timber,  was  aboiit  30  per 
cent. 

In  approaching  this  question  of  quantity,  the  oi)eration  must  be 
studied  closely.  A  dry  tie  having  a  voliime  of  4  cu.  ft.  Avould  weigh 
125  lbs.  A  green,  freshly  cut  tie  of  this  volume,  with  all  its  sap, 
would  weigh  187  lbs.,  having  about  16  lbs.  of  sap  per  ciibic  foot,  the 
sap  presumably  containing  almost  all  the  fermentable  agents.  As 
before  noticed,  a  large  proportion  of  the  juices  are  expelled  by  the 
steaming  and  the  vacuum,  say  75^,i',  leaving  4  lbs.  of  sajj  to  be  neutral- 
ized by  1  oz.  of  pure  chloride,  or  a  1^%  solution. 

Mr.  Chantite  explains  that  by  the  rule  referred  to  the  amount  was 
later  found  to  be  too  low. 

Attention  is  called  to  this,  with  the  hope  that  some  one  who  is 
favorably  situated  will  take  up  this  investigation,  as  any  proposed 
increase  in  the  cost  of  chemicals,  in  the  face  of  the  calls  for  cheaper 
work  now  being  pressed,  makes  it  very  desirable  that  something  defi- 
nite and  authoritative  should  be  determined. 

ig)  In  closing  his  valuable  paper,  Mr.  Ohanute  says:  "It  cannot., 
however,  be  too  strongly  insisted  upon  that  the  work  must  be  well  and 
skillfully  done,  for,  otherwise,  the  results  are  sure  to  be  disappoint- 
ing." 

This  is  most  heartily  emphasized,  and  it  follows  that  skillful  ope- 
rators must  be  employed.  In  Germany,  as  Mr.  Chanute  states,  about 
the  only  successful  and  satisfactory  w'ork  has  been  done  by  a  private 
firm  who  makes  it  a  business  and  conducts  it  on  business  principles, 
and  an  important  part  of  whose  assets  consists  of  honest  work.  There 
is  no  doubt  that  any  party  operating  in  this  country  on  the  same  prin- 
ciples can  succeed.  In  either  case,  the  skilled  operator  is  the  first 
requisite,  and  it  is  the  same  with  any  great  railroad  company  that 
decides  to  do  its  own  work.  In  Germany,  it  is  said  that  the  skilled 
operators  can  be  counted  on  the  fingers  of  one  hand,  and  probably  the 
same  is  true  in  this  country.     In  the  installation  of  a  plant  of  this 
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Mr.  Rowe.  kind,  a  matter  of  the  first  moment  is  that  an  inexperienced  and 
untrained  operator  should  no  more  be  put  in  control  and  direction 
than  that  a  college  student  should  be  put  in  charge  of  one  of  the  big- 
steel  plants.  The  proposed  "  operator  "  may  have  read  every  word  writ- 
ten on  the  subject  of  timber  preservation,  and,  if  he  has  escajaed  the 
lunatic  asylum,  he  has  reached  but  the  a-b-c  of  the  matter,  and  must 
still  have  intelligent  training  through  practical  contact  with  the  work. 
He  must  have  the  rules  fixed  by  an  experienced  teacher  and  be  made 
to  apply  them;  and,  above  all,  he  should  not  allow  himself  to  go 
out  on  any  theorizing  excursions,  as  all  such  are  likely  to  prove  dis- 
astrous, both  to  himself  and  his  employers. 

(h)  The  writer  is  pleased  to  note  that  oak  (i^resumably  something 
like  oiir  white  oak)  is  not  barred  out  from  the  woods  treated 
in  Europe  Regarding  the  selection  of  tie  timber,  it  seems  to  be 
axiomatic  that  "  the  better  the  timber,  the  better  the  tie  it  will  make," 
regardless  of  treatment.  Experience  and  reason  show  this,  and  if  the 
life  of  an  oak  tie  of  the  best  quality  can  be  prolonged  but  2  years,  it 
is  economy  to  treat  it.  Taking  the  white  oak  tie  as  it  runs,  there  is 
a  strong  probability  of  doubling  its  life.  The  objection  that  the  oak 
will  not  absorb  sufficient  to  do  any  good,  is,  in  the  light  of  experience, 
a  mistake,  and  is  illogical,  when  the  nature  of  the  process  and  its  efli'ect 
is  understood. 

(/■)  Mr.  Chanute  mentions  the  "  constant  testing  of  chemicals,  as 
to  strength,  purity,  etc.,"  in  connection  with  the  requirements  in 
European  practice.  It  is  presumed  that  what  is  meant  is  tests  which 
may  be  performed  on  the  work  during  operation,  where  it  is  not 
always  practicable,  to  call  in  the  aid  of  the  chemist.  It  is  necessary 
that  the  operator  be  able  to  determine  quickly,  approximately  at  least, 
the  strength  of  the  solution,  whether  chloride,  tannin  or  glue,  without 
the  elaborate  processes  of  the  chemist,  as,  in  the  course  of  the  opera- 
tions, these  solutions  are  constantly  varying.  We  have  been  indebted 
to  Mr.  Chanute  in  this  respect,  and  would  be  glad  to  have  him  give,  at 
length,  such  facts  as  he  has  gathered,  couching  them  in  such  terms  as 
would  be  within  the  comprehension  of  any  intelligent  operator.  Such 
information  would  be  valuable  indeed. 

(j)  Mr.  Chanute's  remark  in  relation  to  the  exhaiistion  of  the  tim- 
ber supi^ly  introduces  a  theme,  the  importance  of  which,  m  this 
country  esisecially,  should  be  impressed  at  all  times.  In  the  last  30 
years  we  have  seen  such  destruction  of  our  great  forests  as  seems 
appalling.  With  the  exception  of  a  small  territory  in  northern  Maine, 
some  small  areas  in  the  South  and  the  region  of  the  extreme  North- 
west, the  forests  have  been  invaded  and  the  most  valuable  timbers 
have  been  more  or  less  cut  away.  In  many  cases,  shameful  waste  and 
destructive  fires  aid  in  the  devastation.  The  tie  renewals  amount  to 
nearly  70  000  000  annually,  to-day,  compared  with  4  000  000  required 
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in  France,  and  the  ratio  will  increase  as  the  mileage  increases.  Mr.  Rowe. 
Although  our  forests  seem  boundless,  they  are  not  so,  relatively; 
and,  at  the  jjresent  rate  of  consumption,  the  scarcity  of  cross-ties, 
now  beginning  to  be  felt,  will  soon  be  serious.  A  parallel  to  this  can 
be  cited,  quicker  in  its  consiimmation,  but  by  no  means  so  far  reaching 
and  disastrous — that  of  the  bison,  thirty  years  ago  teeming  in  mil- 
lions over  the  western  plains,  but  now  hardly  a  representative  remain- 
ing.    This  is  a  lesson  to  ponder. 
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By  Messrs.  Thomas  Cuetis  Claeke,  Edwaed  P.  Noeth,  Thomas 
MoNKo,  Frank  A.  Hinds,  Elnathan  Sweet,  W.  Henky  Hunter, 
Theodor  G.  Hoech,  AiiFEED  Noble  and  Lewis  M.  Haupt. 


Mr.  Clarke.  Thomas  Cuetis  Clarke,  Past-President,  Am.  See.  C.  E. — All  are 
agreed  Tipon  the  necessity  of  some  water  communication,  between 
Lake  Erie  and  New  York,  better  tlian  that  which  now  exists,  as  it  has 
shown  its  incapacity. 

Some  advocate  a  12-ft.  canal  to  pass  barges  which  they  hojie  could 
navigate  the  Lakes  and  avoid  transhipment.  The  speaker  formerly 
favored  this  25lan,  as  he  then  believed  that  the  cost  of  a  deeper  canal 
would  be  prohibitory. 

Mr.  Wisner  has  shown  that  the  cost  of  a  canal  21  ft.  deep,  from 
Lake  Erie  to  New  York,  through  the  Mohawk  Valley,  would  be 
^200  000  000,  and  by  way  of  the  St.  Lawrence  and  Lake  Champlain 
^15  000  000  less. 

He  considers  that  if  the  canal  were  made  deeper,  the  greater  inter- 
est on  its  cost  and  its  depreciation  would  exceed  the  saving  in  trans- 
portation. 

He  shows  that  a  21-ft.  canal  gives  economy  of  transportation  even 
after  adding  the  charges  for  interest  and  depreciation.  This  is  the 
first  time  that  this  statement  has  been  jjositively  made. 

*  Continued  from  November.  1900,  Proceedings.    See  October,  1900,  Proceedings,  for 

gapers  on  this  subject  by  Messrs.  Joseph  Mayer  and  George  Y.  Wisner,  Members,  Am. 
oc.  C.  E. 
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The  writer  agrees  witli  Mr.  Wisner  iu  believing  that  the  sum  of  Mr.  Clarke. 
|!200  OOO  000  is  not  prohibitory— that  a  canal  for  the  largest  ocean  ves- 
sels -vnll  never  be  made  on  account  of  its  euormotis  cost— and  that  his 
figures  of  cost  of  transportation  are  substantially  correct. 

His  reasons  are  briefly  these:  Experience  has  shown  that  a  canal, 
requiring  transhipment  of  freight  at  each  6nd,  cannot  compete  with 
all-rail,  or  rail  and  lake  navigation. 

A  canal  12  ft.  deep  would  probably  pass  tows  of  barges  large  enough 
to  navigate  the  Lakes.  It  would,  however,  require  transhipment  at 
sea  i^orts,  and  could  not  compete  in  economy  with  a  canal  large  enough 
to  pass  Lake  and  ocean  vessels,  if  the  cost  of  such  a  canal  did  not  stand 
in  the  way. 

In  the  speaker's  opinion,  Mr.  Wisner  has  proved  that  its  cost  would 
not  be  great  enough  to  overbalance  its  economy  of  transportation,  if 
made  21  ft.  deep. 

Can  steamers,  fit  to  navigate  the  Lakes  and  pass  this  canal,  navi- 
gate the  ocean  economically  ? 

The  answer  is,  that  such  vessels,  or  even  smaller  ones,  have  done  so 
for  many  years.  What  is  to  prevent  a  tow  of  large  schooners  with  flye  or 
sis  masts  and  having  auxiliary  power,  from  passing  through  such  a  canal. 

It  is  perfectly  true  that  larger  vessels,  such  as  those  running  between 
New  York  and  European  ports,  would  show  greater  economy  on  the 
ocean,  but  not  in  artificial  waterways. 

It  is  believed  that  the  Champlain  Route  would  be  less  opposed  by 
vested  interests  than  the  Mohawk  Route,  as  the  destruction  of  prop- 
erty would  be  much  less. 

The  estimates  of  damages  are: 

By  Mohawk  Route ^14  039  000 

"  Champlain  Route 6  259  000 

Private  capital  probably  would  not  invest  in  either  undertaking; 
nor  would  the  State  of  New  York  do  so  without  an  entire  change  of  its 
present  jjolicy,  which  seems  unlikely. 

The  United  States — the  richest  power  in  the  world — can  easily 
afford  to  construct  this  line  of  commiinication.  It  is  necessary  to  first 
get  a  congressional  majority  in  its  favor.  Some  years  ago  that  would 
liave  been  impossible.     Now  it  seems  to  be  possible. 

The  City  of  Chicago,  after  having  expended  ii?34  000  000  on  her 
drainage  canal,  24  ft.  deep  and  large  enough  for  Lake  vessels,  has 
offered  it  to  the  General  Government  on  condition  that  the  same  scale 
of  navigation  shall  be  continued  to  the  Mississippi  River. 

L.  E.  Cooley,  M.  Am.  Soc.  C.  E.,  in  a  paper  presented  to  The 
Western  Society  of  Engineers,  estimates  the  cost  of  a  20-ft.  waterway 
from  Chicago  to  St.  Louis,  360  miles  long,  at  not  over  iB140  000  000. 

The  problem  of  extending  the  same  de^ith  from  St.  Louis  to  the 
mouth  of  the  Mississippi,  some  1  100  to  1  200  miles,  is  as  yet  unsolved. 
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Mr.  Clarke.  There  is  much  to  be  said  in  favor  of  the  iilan  advanced  by  James 
A.  Seddon,  M.  Am.  Soc.  C.  E.  (described  in  a  pajier  jjresented  to 
The  Western  Society  of  Engineers),  for  preventing  floods  and  main- 
taining dei^th  of  water  in  the  Lower  Mississipj^i  by  the  construction  of 
a  reservoir  system  formed  in  the  bottom  lands  between  the  river  and 
the  bluffs.  These  reservoirs  would  retain  flood  waters,  and  let  them 
out  during  seasons  of  low  water. 

Thorough  surveys  should  be  made  by  the  United  States  Government 
to  ascertain  the  facts.  Mr.  Seddon's  estimate — $50  000  000 — seems  to 
be  low. 

The  interesting  fact  is,  that  a  union  of  interests  between  the  west- 
ern, southwestern  and  eastern  States  can  now  possibly  be  brought 
about  to  construct  this  great  system  of  internal  navigation  from  New 
York  to  Chicago  and  thence  via  New  Orleans  to  the  Gulf  of  Mexico. 

The  projaosed  Isthmian  Canal  is  a  vital  part  of  this  scheme.  If  that 
canal  alone  were  built  it  would  give  only  the  Atlantic  cities  and  New 
Orleans  a  short  line  to  the  Pacific,  and  the  Pacific  cities  one  to  the 
Atlantic.  If  the  entire  scheme  were  carried  out,  it  would  take  in  the 
whole  central  part  of  the  United  States. 

The  total  cost,  including  the  Isthmian  Canal,  would  probably  not 
exceed  $600  000  000.  Some  years  ago  that  sum  would  have  shocked 
carefiil  financiers.  But  now  that  United  States  bonds  can  be  placed 
bearing  2%,  it  means  a  yearly  tax  of  $12  000  000,  or  about  16  cents  per 
head  of  the  population. 

The  United  States  has  now  become  a  World  power,  exporting  its 
agricultural  and  manufactured  products  and  coal,  iron  and  copper  to 
all  countries.  Its  imports  and  exports  have  increased  nearly  f>0%  dur- 
ing the  last  six  years,  or  from  $1  710  000  000  to  $2  427  000  000.  The 
exports  alone  have  risen  from  $921  000  000  to  nearly  $1  500  000  000. 
Such  an  increase  has  never  before  been  seen  in  the  history  of  the 
world. 

If  we  wish  to  j^reserve  this  enormous  trade,  in  the  face  of  the  sharper 
competition  which  must  inevitably  soon  take  place,  we  must  give  it 
the  least  expensive  routes  of  transportation.  The  railways  will  take 
care  of  it  during  the  season  of  closed  navigation;  during  the  open 
months,  such  a  scheme  as  has  been  outlined  is  necessary  to  enable  all 
of  our  States  to  reach  countries  on  both  the  Atlantic  and  Pacific 
Oceans  by  the  shortest  and  least  expensive  routes. 

Nature  has  already  donemiich  to  create  this  vast  internal  navigation, 
and  we  would  be  lacking  in  energy  if  we  did  not  apply  from  our  sur- 
plus revenues  the  sum  necessary  to  complete  what  Nature  has  begun. 

When  this  is  done,  the  seat  of  the  world's  commercial  empire  will 
be  transferred  from  Europe  to  that  part  of  the  United  States  where 
grain,  coal,  iron  and  copper  lie  side  by  side,  controlled  by  the  most 
energetic  and  inventive  people  that  the  world  has  ever  seen. 
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Edward  P.  North,  M.  Am.  Soc.  C.  E. — It  is  a  matter  for  cougratu-  Mr.  North. 
lation  that  members  of  this  Society  turn  from  considering  expert 
measurements  of  quantities  to  questions  involving  large  additions  to 
the  service  and  convenience  of  mankind,  and  essay  to  direct  those 
large  sources  of  power  in  Nature — public  oijinion  and  the  service  of 
caijital— to  increasing  the  facilities  for  transportation  and  decreasing 
the  cost  of  distribution  over  large  areas  of  this  country,  as  in  the  two 
admirable  papers  before  us. 

It  is  also  pleasing  to  notice  that  both  authors,  though  proceeding 
by  different  routes,  reach  substantially  the  same  conclusions,  viz.,  that 
with  near-by  railroad  trains  carrying  2  400  tons  and  a  14-ft.  canal  par- 
allel to  it,  a  10-ft.  canal  may  influence  freight  charges,  but  can  neither 
control  such  charges,  direct  the  course  of  commerce,  nor  prevent  the 
present  system  of  discriminating  charges  against  production  and  con- 
sumi^tion  in  this  country  generally  and  the  commerce  and  industries 
of  the  City  of  New  York  in  particular.  And  any  money  invested  in 
procuring  such  inadequate  transportation  facilities  must  fail  to  return 
a  normal  reward. 

In  view,  however,  of  the  rapidly  exiianding  trade  of  the  Great  Lakes, 
the  determination  to  make  their  governing  depth  24  ft.  and  the  proba- 
bility of  a  waterway  of  large  capacity  connecting  the  Lakes  with  the 
Gulf  of  Mexico,  doubts  may  be  felt  as  to  the  advisability  of  limiting 
to  21  ft.  the  depth  of  what  shoiild  be  one  of  the  largest  channels  of 
distribution,  or  as  to  imposing  tolls  on  a  traffic  which  it  is  wished  to 
develop.  The  toll  proposed  is  not  large,  either  absolutely  or  in  rela- 
tion to  the  probable  value  of  the  goods  to  be  transported,  2  to  2h%  on 
the  value  of  the  goods  passing  the  Soo,  and  will  not  ojjerate  as  does 
the  yearly  abstraction  of  Sl5  OJO  000  or  $16  000  000  from  the  resources 
of  those  trading  through  the  Suez  Canal;  a  most  onerous  impost  that 
must  in  part  account  for  a  tonnage  of  8  000  000  or  9  000  000  sufficing 
for  the  wants,  or  capacity,  of  1  100  000  000  people,  while  the  40  000  000 
served  by  our  lake  carriers  use  40  000  000  tons. 

But  to  some  extent  any  toll  decreases  traffic,  principally  by  prevent- 
ing or  hindering  the  production  and  marketing  of  low-valued  com- 
modities, also  by  diverting  travel  or  freights  to  other  routes.  The 
marked  differences  in  the  development  of  freight  and  passenger  traffics 
in  this  country  on  the  one  hand,  and  in  European  countries  on  the 
other,  seem  to  show  the  effect  of  high  and  low  charges  on  the  volume 
of  traffic.  Poor's  Manual  gives  very  full  statistics  of  the  traffic  on  all 
our  railroads,  commencing  with  1882.  From  these  data  Table  No.  1 
has  been  made,  excepting  in  the  columns  as  to  population,  which  for 
1899  has  been  taken  as  75  500  000.    . 

Here  the  average  passenger  rate  is  persistently  high;  higher,  it  is 
thought,  than  in  other  countries.  The  freight  rate,  which  in  1882  was 
lower  than  in  any  other  country  and  about  half  the  passenger-mile 
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Mr.  North,  rate,  is  now,  according  to  Mulhall,  less  than  half  the  freight  rates  in 
any  Eurof)ean  country,  and  36. 3%"  of  the  passenger  rate.  As  a  conse- 
quence, the  i^assenger  mileage  has  increased  93.3%',  while  the  ton 
mileage  has  increased  223.1  per  cent.  In  Eiiropean  counti'ies,  on  the 
other  hand,  there  has  been  conservatism  in  the  matter  of  freight  rates; 
but,  through  zone  tariff's,  improvements  in  the  comforts  of  third-class 
carriages,  etc.,  average  j^assenger  rates  have  been  materially  reduced, 
and  though  there  is  no  knowledge  of  such  full  statistics  as  those  for 
American  roads  it  is  thought  safe  to  say  that  the  passenger  traffic  has 
had  a  growth  approximating  to  that  of  American  freights,  while  the 
freight  traffic  has  developed  on  lines  somewhat  parallel  with  the 
development  of  passenger  movement  on  American  raili'oads. 

TABLE   No.  1. 
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1899.... 
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-18.2 

^1.2 

+93.3 

+223.1 

+101.7 

+89.9 

—0.007 

+66.0 
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It  may  be  claimed  that  the  figures  given  in  Table  No.  1  do  not 
fairly  present  the  relations  existing  between  our  freight  and  passenger 
traffics,  as  no  account  is  taken  of  the  influence  of  electric  railways 
paralleling  our  railroads,  and  the  decrease  in  passenger  traffic  since 
1894.  But  the  effort  of  continued  conservatism  in  upholding  passenger 
rates,  after  a  full  recognition  of  the  fact  that  a  reduction  would  develop 
such  large  accessions  to  the  traffic  as  to  require  additional  accommo- 
dations, is  exactly  the  point  for  which  attention  is  solicited.  By  this 
general  conservatism,  which  is  well  typified  by  the  story  of  the  New 
England  directorate  which  refused  its  commuters'  request  for  an 
additional  train  with  the  assertion  that  in  a  short  time  they  would 
crowd  it  as  uncomfortably  as  the  trains  they  then  had,  the  railroads 
of  this  country  jDossessing  a  right  of  way  with  much  if  not  all  of  the 
necessary  grading  and  track  laying  done,  and  its  passenger  department 
organized,  have  forced  their  ijatrons  into  the  expense  of  new  organi- 
zations, new  rights  of  way,  grading  and  track,  and  experiments  with 
an  undeveloped  motive  power,  that  the  circulation  of  passengers  on 
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lines  parallel  to  their  tracks  might  not  be  nuduly  curtailed  by  high  Mr.  North. 
rates  of  passage.  This  does  not,  it  is  submitted,  vitiate  the  deductions 
apparent  from  the  table.  Nor  does  the  fact  that  the  electric  roads  are 
likely  to  add  materially  to  the  convenience  and  wealth  of  the  country 
throw  doiibt  on  the  inference  that  if  passenger  fares  had  been  reduced 
as  freight  rates  have,  the  passenger  mileage  would  have  kept  pace  with 
the  freight  mileage. 

The  comprehensive  and  valuable  system  of  statistics  inaugurated 
at  the  Soo  in  1887  and  continued  by  the  United  States  Engineers  since 
then,  statistics  which  have  done  so  much  to  strip  the  value  from  those 
conservative  predictions  which  vested  interests  will  always  call  expert 
and  authoritative,  show  that,  for  the  five  years  ending  with  1891, 
37  352  066  tons  of  freight  were  carried  for  $45  913  715,  or  iBl.23  per  ton; 
and  for  the  five  years  ending  with  1899,  96  774  880  tons  of  freight  were 
carried  for  $77  065  077,  or  80.796  per  ton.  Here  a  fall  of  one-third,  in 
the  cost  of  transportation,  was  paralleled  by  an  increase  of  nearly  two 
and  two-thirds  times,  in  the  freight  transported.  Or,  to  use  another 
standard  of  measurement:  During  the  first  period  mentioned,  the 
freight  charges  on  cargoes  valued  at  i$12.73  per  ton  were  9. 66%  of  such 
values;  and  during  the  last  on  cargoes  valued  at  $11.23  per  ton,  the 
freight  charges  were  only  7.09  per  cent.  The  average  hauls  were,  for 
the  first  period  806  miles,  and  for  the  second  835  miles. 

A  case  somewhat  analogous  to  the  foregoing  was  mentioned  by  Mr. 
Vreeland,  President  of  the  Metropolitan  Surface  Eailway  of  New  York 
City:  On  the  Madison  Avenue  line  the  time  of  a  trip  with  horses  was 
about  1^  hours,and  the  road  carried  17  000 000  passengers.  On  the  intro- 
duction of  electricity  the  time  was  shortened  to  about  1  hour  and  the 
road  carried  50  000  000  jpassengers.  In  the  first  case  a  reduction  of 
one-third  in  the  cost  of  service  was  accompanied  by  an  increase  of 
freight  carried  by  two  and  two-thirds  times.  In  the  other,  a  reduction 
of  one-third  in  time  without  reduction  in  cost  of  passage  was  accom- 
panied by  an  equal  increase  in  the  number  of  passengers  carried. 

Unless  the  above-quoted  figures  are  inappropriate,  they  show  that 
if  we  are  to  have  the  full  encouragement  to  production  and  consumi)- 
tion  due  to  a  waterway  convenient  for  the  exchanges  between  the 
40  000  000  tons  of  traffic  on  the  Great  Lakes  and  the  79  000  000  of 
entrances  and  clearances  at  the  Port  of  New  York,  as  now  estimated, 
the  traffic  should  pass  through  ample  channels  unvexed  by  toll  gates 
as  well  as  transfer  charges.  But  if  the  prospect  of  tolls  is  necessary 
to  induce  the  construction  of  the  canal,  they  should  be  imposed,  as 
there  would  still  be  left  a  large  margin  of  profit  in  comparison  with 
present  rates. 

It  may  be  well  at  this  place  to  recapitulate  the  work  done  and  the 
projects  brought  forward  for  cheapening  transportation  between  the 
Great  Lakes  and  the  harbor  of  New  York.     Commenced  in  1817  and 
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Mr.  North.  Completed  in  1825  witli  a  cross-section  of  136  sq.  ft.,  the  Erie  Canal 
added  so  much  to  the  wealth  of  the  State  that  it  was  determined  in 
1835  to  enlarge  its  cross-section  to  429  ft.,  an  increase  of  215  per  cent. 
This  enlargement  was  not  legally  completed  until  1862,  although  the 
increased  cross-section  was  available  for  traffic  some  years  before  that 
date.  The  law  authorizing  this  enlargement  prescribed  a  nearly  rigor- 
ous adherence  to  the  original  location.  In  1897,  work  was  commenced 
on  a  further  enlargement  to  562  ft.,  an  increase  of  23  per  cent.  This 
was  to  be  accomplished  on  the  plan  advised  by  Horatio  Seymour,  M. 
Am.  Soc.  C.  E.,  then  State  Engineer,  by  deepening  the  prism  from  7 
to  9  ft.  An  a^jpropriation  of  ^9  000  000  was  made  for  this  purpose, 
no  improvement  on  the  original  location  being  contemplated.  In  the 
summer  of  1898,  the  aijpropriation  being  exhausted,  work  was  sus- 
pended, the  State  Engineer  estimating  that  it  would  cost  $4  800  000 
to  finish  the  imj^rovement  of  the  Erie,  Oswego  and  Champlain  Canals. 
Work  has  not  been  resumed. 

Tolls,  that  in  their  aggx'egate  are  greater  than  all  the  expenditures 
on  the  canals  of  the  State  up  to  the  present  time,  excepting  for  interest, 
were  collected  on  local  and  through  freights  until  1882. 

In  1884,  Elnathan  Sweet,  M.  Am.  Soc.  C.  E.,  State  Engineer  of  New 
York,  read  a  i^aper  before  this  Society  advocating  the  enlargement  and 
relocation  of  the  Erie  Canal  so  that  it  should  ijass  the  largest  lake 
vessels  and  be  fed  for  its  entire  length  from  Lake  Erie. 

In  conformity  with  a  law  of  March  2d,  1895,  a  mixed  commission, 
consisting  of  three  citizens  of  the  United  States  and  three  of  Canada, 
reported  in  January,  1897,  recommending,  as  was  thought  probable, 
surveys  of  two  routes,  both  throtigh  Lake  Ontario,  one  vmthe  St.  Law- 
rence and  Lake  Champlain,  the  other  through  Oneida  Lake  and  the 
Mohawk  Valley. 

An  apijroi^riation  bill  of  1897  provided  for  the  appointment  of  a 
board  of  three  engineers  known  as  the  Board  of  Engineers  on  Deeja 
Waterways,  to  make  surveys,  examinations  and  estimates  for  a  deep 
waterway  between  the  Great  Lakes  and  the  Atlantic  tide-waters. 
This  board  was  confined  in  its  jjower  to  making  surveys,  etc.,  on  the 
routes  recommended  by  the  Deep  Waterways  Commission,  which 
reported  in  January  of  that  year.  This  report  has  not  yet  been  given 
to  the  public,  but  some  of  its  conclusions  are  given  in  the  paper  by 
Mr.  Wisner,  who  was  a  member  of  this  board. 

In  1897,  under  requirement  of  the  River  and  Harbor  Act  of  1896, 
directing  the  Secretary  of  War  "to  cause  to  be  made  accurate  exam- 
inations and  estimates  of  cost  of  construction  of  a  ship  canal  by  the 
most  practicable  route,  wholly  within  the  United  States,  from  the 
Great  Lakes  to  the  navigable  waters  of  the  Hudson  River,  of  sufficient 
capacity  to  transport  the  tonnage  of  the  Lakes  to  the  sea,"  Major 
Thomas  W.  Symons,  M.  Am.  Soc.  C.  E. ,  reported  on  what  he  calls 
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"the  broader  view  of  the  subject,"  recommendiug  a  ship  canal  Mr.  North, 
through  Lake  Ontario,  water  which  is  owned  in  common  by  this 
country  and  Great  Britain.  That  on  completion  of  the  Seymoiir  plan, 
aud  the  removal  of  restrictions  as  to  capital  of  companies  operating 
on  the  canal,  the  Erie  Canal  would  "  give  commercial  advantages 
practically  equal  to  the  commercial  advantages  which  would  be  given 
by  a  ship  canal."  That  a  barge  canal  with  a  cross-section  of  1  208  sq. 
ft.,  "  will  enable  freight  to  be  ti-ansported  between  the  East  and  West 
at  a  lower  rate  than  could  a  ship  canal  (cross-section  4176  ft.)  navi- 
gated by  large  lake  or  ocean  vessels." 

Actuated,  possibly,  by  the  political  uses  made  of  the  failure  of  a 
popular  estimate  of  cost  to  complete  the  enlargement  provided  for  in 
"the  §9  000  000  act,"  the  Governor  of  this  State  asked  five  eminent 
engineers  and  business  men  in  connection  with  the  State  Engineer 
and  State  Superintendent  of  Public  Works  to  form  themselves  into  a 
"Committee  on  the  Canals  of  New  York  State."  This  committee 
reported  in  January,  1900:  That  the  canals  should  not  be  abandoned. 

'•  That  the  project  of  a  ship  canal  to  enable  vessels  to  pass  from  the 
Upper  Lakes  to  New  York  City  (or  beyond)  without  breaking  bulk  is  a 
proper  consideration  for  the  Federal  Government,  biit  not  by  the 
State  of  New  York." 

They  also  recommended  a  modification  of  Major  Symons'  barge 
canal,  cutting  down  the  maximum  size  of  the  boat  usable  from  200  x 
30  X  10  ft.  to  150  X  25  X  10  ft. ,  thus  reducing  the  capacity  from  1  500 
to  1  000  tons.  This,  by  some  unexplained  mistake,  is  characterized  as 
enlarging  the  waterway  of  the  State  of  New  York  to  its  "  utmost 
limit." 

In  the  spirit  of  this  report,  a  law  appropriating  .$200  000  for  a 
survey  for  a  canal  of  the  recommended  size  was  jjassed  in  the  spring 
of  1900,  limiting  the  survey  to  "the  jjresent  route  of  said  canal," 
excepting  some  minor  changes  between  Buffalo  and  Syracuse.  This 
estimate  is  expected  in  January,  1901. 

Lastly,  "The  New  York  Commerce  Commission,"  consisting  of  five 
eminent  citizens  apisointed  in  1898,  made  a  rejjort  in  January,  1900, 
setting  forth,  among  other  conclusions: 

"  The  decline  in  New  York's  commerce  has  been  steady  and  con- 
tinuous for  many  years;  it  has  been  more  pronounced  during  recent 
years,  and  has  now  reached  serious  proportions  in  actual  loss  of 
exports." 

"  The  loss  to  New  York  is  due  in  great  measure  to  a  discrimination 
against  New  York  in  railroad  rates  imposed  by  an  agreement,  known 
as  the  differential  agreement,  between  the  trunk-line  railroads  of  the 
American  Atlantic  sea  ports,  including  the  New  York  railroads." 

"  The  differential  rate  applies,  not  only  on  products  destined  for 
exjjort,  biit  also  destined  for  local  consumption  by  the  people  of  New 
York  City." 

"  The  State  has  it  within  its  power,  through  an  adequate  improve- 
ment of  the  Erie  Canal,  not  only  to  aj)ply  the  remedy  that  will  secure 
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Mr.  North,  it  against  further  loss  of  its  commerce,  but  will  secure  to  it,  as  well, 
the  restoration  of  that  which  has  already  been  diverted." 

The  commission  recommended  the  comjiletion  of  the  current 
enlargement,  with  a  cross-section  of  562  sq.  ft  ,  as  adequate,  acquiring 
additional  terminal  grounds  and  piers,  and  that  certain  laws  be 
amended,  particularly  as  to  elevating  grain. 

This  arrangement  between  the  trunk  lines  reaching  the  Atlantic 
seaboard,  giving  differential  rates  on  grain,  both  for  domestic  con- 
sumption and  forex])ort,  is,  in  the  aggregate,  a  serious  injury  to  our 
farmers.  The  cheapest  route  for  export  grain  via  Atlantic  j)orts  is 
through  New  York,  but,  in  favor  of  other  roads  and  other  cities,  grain 
for  New  York  has  been  for  years  penalized  with  a  differential  that 
amounted  to  1.8  cents  per  bushel  on  wheat  and  1.68  cents  on  corn; 
this  has  been  lately  reduced  to  0.9  cent.  During  the  five  years  ending 
with  1899,  the  average  of  the  average  rates  charged  on  wheat,  Chicago 
to  Buffalo,  as  returned  by  the  Merchants'  Exchange  of  Buffalo,  has 
been  1.82  cents. 

Of  course,  it  is  perfectly  competent  for  a  committee  of  the  New  York 
Chamber  of  Commerce  "  to  look  with  comjjlacency,  if  not  with  actual 
pleasure  "  on  the  consequent  diversion  of  grain  exports  to  other  ports. 
But  is  the  man  who  grows  the  grain,  which  is  burdened  in  any  case 
with  a  relatively  high  cost  of  transportation,  to  look  with  any  approxi- 
mation to  pleasure  on  a  practice  which  puts  an  additional  charge  on 
his  produce?  As  the  committee  says:  "An  adequate  improvement  of 
the  Erie  Canal,"  will  apply  the  remedy.  Their  opinion,  however,  as  to 
what  is  adequate,  is  even  more  restricted  than  that  of  the  Committee 
on  Canals  of  New  York  State. 

It  will  be  noticed  that  though  sixteen  sessions  of  the  State  Legis- 
lature have  been  held  since  Mr.  Sweet  read  his  able  paper  before  this 
Society,  advocating  a  radical  enlargement  of  the  Erie  Canal,  and  two 
commissions  have  been  ajspointed  by  as  many  presidents,  some  influ- 
ence has  seen  to  it  that  no  survey  has  been  made  for  a  ship  canal  which 
would  not  be  of  greater  use  to  Canada  than  to  the  United  States. 
And  it  is  possible  to  assert  that  a  route  through  the  richest  and  at  one 
time  the  most  prosperous  section  of  this  State  "is  not  available  for  a 
ship  canal, "  although  no  one  can  show  any  reason  that  on  a  judicious 
location  a  canal  of  large  cross-section  should  cost  more  per  mile 
between  Buffalo  and  Oneida  Lake  than  between  that  lake  and  the 
Hudson  River. 

Agreeing  fully  with  Mr.  Wisner that :  "The  dimensions  which  should 
be  given  to  a  Avaterway  between  the  Lakes  and  the  Atlantic  depends 
upon  the  economic  depth  which  can  be  obtained  in  the  water  routes  to 
be  connected,"  and  accepting  his  estimate  that  the  interest  and  fixed 
charges  for  an  increased  dejith  in  the  Lakes  from  21  to  30  ft.  would 
amount  to  an  annual  charge  of  !$2  205  000,  or  5.51  cents  per  ton  on  the 
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traffic  now  i^assing  Detroit,  but  taking  exception  to  his  declaration :  Mr.  North. 
"  The  actual  saving  in  the  cost  of  transportation  on  the  Lakes  bj  using 
deeper  draft  vessels  is  only  about  one-half  the  above  estimated  fixed 
charges,"  and  differing  from  the  dediiction,  "the  interest  and  mainten- 
ance account  will  exceed  any  expected  returns  from  lower  transporta- 
tion rates;''  reference  is  made  to  the  previously  mentioned  valuable 
statistics  of  the  traffic  at  the  Soo. 

Although,  as  set  forth  in  the  Report  of  the  Committee  on  Canals  of 
New  York  State,  j^reviously  referred  to,  the  railroads  were  able  to 
partially  starve  the  Lake  marine  when  there  was  a  depth  of  only  11.}  ft. 
on  the  miter  sills  of  the  locks  at  the  Soo  ;  the  traffic  through  that 
waterway  since  the  opening  of  the  Weitzel,  or  16ft.,  lock  in  1881, 
has  been  phenomenal.  Opened  in  1855  to  a  traffic  of  106  296  tons,  its 
traffic  for  1881  was  only  2  092  757  tons,  but  in  1895,  the  year  the 
Canadian,  or  20-ft.,  lock  was  opened,  it  had  increased  to  16  806  781 
tons.  In  1899,  21  956  347  net  registered  tons  of  shipping  passed 
through  the  locks  at  the  Soo,  carrying  25  255  816  net  tons  of  freight 
valued  at  -^281  364  750.  This  freight  was  carried  an  average  distance 
of  827  miles  for  ^21  959  707,  or  at  the  rate  of  1.05  mills  per  ton-mile, 
which  is  about  13^"o  higher  than  the  average  cost  for  the  three  pre- 
ceding years. 

During  the  thirteen  years  for  which  we  have  returns  covering  the 
tons  and  value  of  freight,  the  distance  carried  and  the  cost  of  carriage, 
as  well  as  the  registered  tonnage,  the  cost  per  ton-mile  has  decreased 
from  2.30  mills  in  1887,  when  5  494  649  tons  were  carried,  to  1.05  mills 
in  1899,  when  25  255  810  tons  were  carried.  This  is  a  decrease  con- 
current with  the  deepening  of  the  Lake  channels,  and  largely  depend- 
ent on  such  deepening,  and  justifies  the  prediction  the  iiresident  of 
the  Great  Northern  Eailroad  made  while  discussing  the  project  of 
General  O.  M.  Poe,  M.  Am.  Soc.  C.  E.,  for  a  21-ft.  channel:  that  it 
would  cut  the  Lake  freight  rates  in  two. 

Mr.  Wisner  estimates  the  annual  charge  to  the  40  000  000  tons 
passing  through  the  Detroit  River,  due  to  deepening  the  Lake  channels 
and  harbors  to  30  ft.  as  5.51  cents  per  ton.  If  the  length  of  haul  by 
Detroit  is  equal  to  that  through  the  Soo,  827  miles,  the  cost  of  deepen- 
ing the  Lake  channels  and  harbors  Avill  be  0.076  mill  per  ton-mile. 
This  would  set  the  cost  of  transportation  back  to  about  the  average  of 
1892  and  1893,  if  there  was  neither  reduction  in  freight  charges  due 
to  the  larger  channels  nor  increased  production  of  freight  to  be  trans- 
ported. Neither  of  these  suppositions  is  possible.  The  increased 
charge  of  5.51  cents  per  ton  would  be  divided  by  80  000  000  within  a 
few  years  after  the  deepening  was  effected,  and  while  the  larger  car- 
riers might  not  again  cut  freight  rates  in  two,  they  could  be  expected 
to  cut  oflf  about  one-third  of  the  present  rates,  leaving  an  average 
freight  rate  of  0.6  mill  per  ton-mile.     This  does  not  seem  an  unprofit- 
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Mr.  North,  able  rate,  iu  view  of  the  volume  and  steadiness  of  the  traffic  and  the 
average  sea  rates. 

The  assumi^tion,  that  the  traffic  passing  Detroit  soon  after,  if  not 
with,  the  earliest  i^ossible  completion  of  30-ft.  channels  and  harbors 
will  be  80  OUO  000  tons,  is  not  thought  too  large  for  realization,  as  the 
traffic  for  some  time,  as  shown  by  Mr.  Mayer,  has  been  doubling  every 
six  years,  and  the  Chief  of  Engineers  is  reporting  to  Congress  that 
prompt  action  in  doubling  the  capacity  of  the  St.  Clair  Flats  Canal  is 
necessary  and  imjjortantto  the  safety  and  convenience  of  the  vast  com- 
merce of  the  Great  Lakes.  And  deepening  the  channel  to  23  ft.  has 
already  been  commenced  in  the  St.  Mary's  Kiver. 

Proposals  have  been  made  that  the  Erie  Canal  should  be  given  to 
some  railroad  as  a  right  of  way,  and  numerous  other  schemes  have  been 
pro^josed  like  "the  $9  000  OJO  plan,"  to  impose  a  general  hardship 
to  the  financial  advantage  of  a  few  transhijipers  at  Buffalo  and  New 
York.  And  lastly,  we  have  the  project  to  be  submitted  to  the  next 
Legislature  of  New  York  State  to  abrogate  the  necessity  of  tranship- 
ment at  Buffalo  by  imposing  a  high  rate  of  freight  on  the  Lakes.  The 
jiossibility  of  this  perspective,  however,  has  doubt  cast  ujjon  it  by  the 
vociferoLTS  demands  of  "  the  friends  of  the  canal,"  that  large  expendi- 
tures shall  be  made  at  both  the  Lake  and  Atlantic  termini,  that  freight 
may  be  transferred  more  conveniently.  All  of  these  i^lans  oi:>pose 
the  interests  of  both  jiroducers  and  consumers. 

It  is  to  the  advantage  of  the  City  of  New  York  and  the  New  Jersey 
cities  on  the  bay  that  this  improvement  should  be  so  ample  and  com- 
modious that  no  better  or  cheaper  route  between  the  interior  of  the 
country  and  the  seaboard  can  be  reasonably  expected. 

It  is  to  the  advantage  of  the  State  of  New  York  that  the  canal  should 
pass  through  the  State  and  should  be  so  large  that  the  factory  sites 
along  its  banks  may  have  all  the  facilities  for  manufacturing  offered  by 
low  freight  rates,  without  transhipment,  that  the  cities  on  the  Lake 
front  now  have. 

It  is  to  the  advantage  of  those  living  in  the  country  to  the  west  of 
this  canal  that  it  should  be  so  located  as  to  build  up  centers  of  jaro- 
duction  and  consumption  as  near  to  them  aS  practicable,  and  that  its 
capacity  for  speedy  and  economic  traffic  should  give  the  greatest 
possible  encouragement  to  marketing  those  low-cost  products  which 
cannot  stand  railroad  charges;  as  well  as  reducing  the  cost  of  all 
freight  transportation,  that  the  producer  and  consumer  may  have  more 
to  divide  between  them. 

It  is  also  to  the  advantage  of  the  whole  country  that  many  water- 
ways should  be  constructed  or  develoijed,  that  their  control  over  rail- 
road freight  rates,  as  described  twenty  years  ago  by  the  late  Albert 
Fink,  Past-President  of  this  Society,  may  be  maintained  and  increased. 

It  is  fortunate  that  the  Hudson  River  carries  a  dejith  of  30  ft., 
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excepting  at  a  few  unimportant  points,  nearly  lo  Coxsackie.  (From  Mr.  North. 
"  there  to  Troy  the  State  and  General  governments  have  increased  the 
depth  from  4  to  nominally  12  ft.)  This  leaves  only  about  375  miles  out  of 
approximately  1  500  to  be  im^jroved.  With  an  economic  depth  of  30  ft. 
obtained  in  the  Great  Lakes,  there  seems  to  be  no  doubt  that  the  chan- 
nels connecting  their  commerce  with  our  cities  on  the  Atlantic  coast 
and  with  the  water  front  of  the  whole  world  should  have  an  equal  dejjth. 

As  no  survey  has  been  made  for  a  ship  canal  between  Lockport  and 
Syracuse,  an  approximate  estimate  of  cost  may  be  made  by  adding  50^^ 
to  the  estimate  of  the  Board  of  Engineers  on  Deep  Waterways  for  the 
low-level,  Oswego-Mohawk  30-tt.  plan  from  Duluth  to  New  York, 
given  on  page  995,  viz. ,  ^317  284  348,  as  covering  the  increased  cost  of 
building  the  canal  wholly  within  the  United  States,  and  a  further  addi- 
tion of  $36  000  000,  the  estimated  cost  of  imioroving  the  Lake  harbors. 
The  aggregate,  !$512  000  000,  at  3"„  interest,  and  0.5",,  maintenance, 
would  give  an  annual  charge  of  .f  17  920  000.  This  sum  would  be 
•directly  repaid  to  the  coimtry  by  a  saving  of  0.27  mill  per  ton-mile 
on  80  000  000  tons  carried  an  average  distance  of  827  miles. 

The  sum  of  0. 27  mill  per  ton-mile  necessary  to  be  saved  on  the  esti- 
mated Lake  traffic,  when  the  channels  from  Duluth  to  New  York 
are  deei^ened  to  30  ft.,  to  directly  recoup  the  country  for  the  total 
expenditure  would  be  reduced  by  the  additional  haul  of  500  miles  on 
all  freight  either  destined  to  or  originating  in  the  Port  of  New  York 
or  beyond  it.  There  would  also  be  a  further  reduction  due  to  elimin- 
ating the  cost  of  transhipment  at  Butfalo,  which  Major  Symons  puts 
in  his  report  as  27.1  cents  per  ton  for  package  freight.  These  direct 
savings  can  be  partly  estimated,  but  the  indirect  saving  due  to  the 
absence  of  delay  and  damage  inseparable  from  transhij^ment  cannot 
be  computed  with  accuracy. 

In  estimating  the  amount  of  traffic  attracted  to  a  30-ft.  canal  of 
sufficient  cross-section,  notice  should  be  taken  of  the  facts  that  there  is 
no  other  people  able  to  employ  a  ton-mileage  equal  to  ours.  The  traffic 
jiassing  Detroit  is  larger  than  any  other  water-borne  traffic  through  one 
channel  and  is  growing  rapidly.  The  entrances  and  clearances  at  the 
Port  of  New  York  are  more  than  twice  those  of  any  other  seaboard  j^ort. 

The  traffic  of  this  port  has  for  some  time  been  estimated  at  70  000  000 
tons.  E.  L.  Corthell,  M.  Am.  Soc.  C.  E.,  after  careful  research,  pre- 
paratory to  presenting  a  paper,  "  The  Harbors  of  the  World,"  to  the 
Vlllth  Congress  on  Navigation,  held  at  Paris  this  year,  states  that  the 
total  entrances  and  clearances  at  this  port  are  79  544  653  tons.  This 
tonnage  he  divides  as  follows: 

In  the  interior  trade 25  093  000  tons. 

coastwise 39  250  000      " 

"      foreign* 15  201653     " 

*  A  writer  in  the  Forum,  December,  1900,  states  that  the  total  entrances  and 
clearances  at  the  ports  of  the  United  Kingdom  for  1839  were  309  348  081  tons.  Of  this, 
97  782  887  tons  were  entered  and  cleared  in  the  foreign  trade. 
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Mr.  North.        As  a  matter  of  comparison,  the  entrances  and  clearances  are: 

For  Liverpool 25  093  000  tons. 

"    London 30  215  000     " 

It  will  be  noticed  that  less  than  20%  of  the  tonnage  of  this  port  is 
engaged  in  foreign  trade,  and  the  aggregate  tonnage  of  Liverpool  and 
London,  foreign  and  domestic,  is  16%  less  than  the  domestic  tonnage 
of  this  port. 

Some  nine  years  ago  a  board  of  engineer  officers  on  the  imj^rovement 
of  the  Hudson  River  reported  that  the  traffic  of  this  stream  was 
18  500  00;)  tons,  3  500  000  of  which  were  contributed  by  the  State 
canals.  Although  it  may  seem  incredible,  it  is  a  fact  that  many  of  the 
best  thinkers  to  be  found  in  the  City  of  New  York  oppose  materially  in- 
creasing this  contribution  of  the  canals  to  the  tonnage  of  their  port,  on 
the  plea  that  the  grain-handlers  here  and  in  Bulialo  will  be  deprived 
of  their  opijortunity  to  penalize  production  in  the  Northwest  by  exor- 
bitant transfer  charges  on  grain  for  export. 

The  population  and  wealth  of  the  Port  of  New  York  is  not  dependent 
on  its  exports.  Its  unique  natural  position,  making  it  the  largest 
"  port  of  call "  in  the  world,  is  due  to  its  having  two  large  waterways 
back  of  it,  viz.,  the  Hudson  and  East  Rivers.  Adding  to  its  natural 
advantages,  the  construction  of  the  Erie  Canal  forced  all  railroad 
terminals  to  concentrate  here,  making  its  position  the  best  in  the 
world  for  manufacturing;  for  here  raw  products  for  manufacture  can  be 
assembled,  and,  the  finished  materials  distributed  to  consumers  at  less 
cost  than  elsewhere,  and,  both  in  value  of  merchandise  jjroduced  and 
in  amount  of  wages  paid,  it  is  i^eerless.  The  present  census  will 
probably  show  that  the  wages  paid  in  manufacturing  industries  in 
the  cities  and  towns  on  the  Bay  of  New  York  are  nearly  equal  to  the 
value  of  exports  from  the  Port,  and  provision  for  traffic  through  the 
proposed  canal  that  neglects  the  demand  of  New  York  and  the  cities 
ancillary  to  it  on  the  Atlantic  coast  will  fail  in  economic  value,  not 
only  to  the  Atlantic  front  of  our  country,  but  to  the  interior. 

No  estimate  of  the  freight  entering  and  leaving  the  canal  should 
neglect  the  manufacturing  jDOtentialities  presented  by  the  banks  of 
the  proposed  waterway,  which  for  nearly  its  whole  length  Avould  oflfer 
factory  sites  with  water  and  rail  communication.  The  present  status 
of  manufacturing  enterprises  in  the  canal  towns  and  cities  is  pathetic. 
From  the  inception  of  work  on  the  Erie  Canal  until  forty  or  fifty 
years  ago  this  region  ofi'ered  higher  rewards  to  ambition  than  any 
other  locality,  enjoying  the  cheapest  and  most  convenient  transporta- 
tion facilities.  Since  the  Erie  Canal  lost  its  pre-eminence  as  a  carrier, 
through  the  development  of  railroads,  while  it  remained  unimproved, 
and  rates  in  discrimination  against  short  hauls  have  been  imposed, 
the  advantages  offered  by  cheap  transjiortation  to  other  localities  have 
worked  injury  to  the  interests  of  the  center  of  the  State. 
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This  fact  has  been  recognized  as  to  agricultiiral  lands  for  some  Mr.  North. 
time.  The  twelfth  censiis  shows  that  in  seven  cities  of  25  000  or  more 
inhabitants  in  the  center  of  the  State,  viz.,  Troy,  Alba,ny,  Schenectady, 
Utica,  Syracuse,  Kochester  and  Auburn,  all  the  cities  of  that  class  in 
the  interior  of  the  State,  the  rate  of  increase  since  1880  has  not  been 
quite  52%',  one  city  showing  an  absolute  loss.  The  City  of  New  York, 
with  the  dependent  cities  in  this  class,  Jersey  City,  Newark,  etc., 
show  a  gain  of  81%";  while  the  twelve  cities  on  the  Great  Lakes, 
which  have  over  25  000  each,  show  a  gain  for  the  twenty  years  of  168.5 
per  cent.  So  low  have  our  canal  towns  fallen  in  the  estimation  of 
some  that  they  regard  any  attempt  to  relight  the  fires  in  their 
abandoned  factories,  or  rebuild  their  ruined  smelting  furnaces  as  an 
attack  on  some  inexorable  law. 

It  is  not  ijroj^osed  at  this  time  to  labor  with  the  education  of  those 
who  have  been  taught  that  production  at  one  locality  is  always  at  the 
expense  of  another,  and  that  the  relative,  to  absolute,  decline  in 
value  and  population  of  the  country  along  the  line  of  the  Erie  Canal 
has  aided  the  development  of  either  the  City  of  New  York  or  the 
cities  on  the  Great  Lakes,  but  simply  to  assert  the  conviction  that  if 
the  center  of  this  State  had  continued  the  rate  of  development 
attained  in  the  early  canal  ijeriod,  both  the  lake  front  cities  and  New 
York  would  offer  even  higher  prizes  to  ambition  than  under  present 
conditions. 

About  two-thirds  of  the  coal  i^roduced  in  Pennsylvania  is  mined 
east  of  the  line  of  equal  distances  between  Cleveland  and  the  head  of 
Seneca  Lake.  This  should  give  shipping  jaorts  at  the  heads  of 
Cayuga  and  Seneca  Lakes  the  control  of  the  anthracite  trade  of  the 
upper  Lakes,  the  control  of  all  coal  shijjments  to  Lake  Ontario  and 
the  upper  St.  Lawrence,  and  allow  these  ports  to  mediate  effectively 
in  the  coal  trade  of  the  Atlantic  coast. 

The  important  influence  of  this  proximity  of  coal  on  the  manu- 
facturing potentiality  of  this  State,  when  combined  with  cheap  and 
ample  transportation,  and  jjarticularly  to  that  portion  of  the  State 
which  has  been  so  carefiilly  excluded  from  all  plans  for  a  ship  canal 
cannot  easily  be  overestimated.  Over  50%*  of  the  tonnage  on  the 
canal  at  present  is  local,  and  under  improved  conditions  it  is  possible, 
if  not  probable,  that  the  same  proportion  of  any  trafiic  will  be 
stopped  either  for  consumption  or  to  be  reshipped  with  advanced 
value  from  manufacture. 

At  a  deep  waterways  convention  it  was  asserted  by  the  President 
of  the  Lake  Carriers'  Association  that  two-thirds  of  the  freight  passing 
Detroit  was  on  its  way  to  be  advanced  in  value  by  manufacture.  If 
we  can  expect  80  000  000  tons  to  pass  Detroit  by  the  time  Lake  chan- 
nels and  the  Erie  Canal  could  be  deepened  to  30  ft.,  and  that  the 
tendency    to    advanced   manufacture  on   the   Lakes   is   offset  by  the 
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Mr.  North,  increased  production  of  low-value  goods  due  to  cheaper  freight  rates, 
the  average  value  per  ton  remaining  as  in  the  past,  S11.14,  the  aggre- 
gate value  transported  will  be  S891  000  000.  So  moderate  an  assump- 
tion as  that  the  two-thirds  to  be  manufactured  would  be  doubled  in 
value  by  that  process  gives  an  ultimate  value  of  ^1  188  GOO  000  for 
the  portion  under  consideration.  If  65%  of  the  increased  value  went 
to  labor,  it  would  employ  772  000  men  at  $500  a  year;  this  would,  as 
usually  computed,  support  a  population  of  over  3  500  000. 

If  one-third  of  the  advance  in  value  to  Lake  freightage  by  manu- 
facture was  given  along  the  canal  and  in  the  City  of  New  York,  an 
addition  of  1  200  000,  or  17%'  to  the  popiilation  of  the  State  would 
ensue,  and  to  that  extent  would  increase  the  local  markets  of  our 
farmers.  As  the  average  capital  of  the  inhabitants  of  this  State  will 
probably  be  shown  by  the  jDresent  census  to  equal  $1  250,  such  an 
addition  to  our  population  would  increase  the  wealth  of  the  State  by 
^1  500  000  000.  If  the  foregoing  figiires  are  approximately  correct,  the 
opinion  that  a  ship  canal  should  not  "  receive  any  serious  considera- 
tion from  the  State  of  New  York  "  might  be  suflBciently  revised  to 
permit  further  examination  of  the  subject. 

It  is  difficult  to  make  an  estimate  that  will  be  satisfactory  to  all, 
covering  the  proportion  of  Lake  commerce  which  will  enter  a  canal  of 
sufficient  cross-section :  to  be  retained  for  consumption  or  manufacture 
in  the  State  of  New  York,  to  be  distributed  to  points  in  Pennsyl- 
vania and  Lower  Canada,  or  along  the  Atlantic  coast,  and  to  be 
exported.  The  City  of  New  York  and  its  environs  could  easily  furnish 
capital  and  labor  to  absorb  any  possible  increase  of  raw  material 
ofifered  for  manufacture.  The  superior  advantages  presented  by  both 
banks  of  the  enlarged  canal  from  Buffalo  to  Albany  would  possibly 
give  it  a  larger  j^ercentage  of  the  total  traffic  than  the  present  canal 
does,  viz.,  53  i^er  cent.  And  the  fact  that  80%"  of  the  entrances  and 
clearances  at  the  port  of  New  York  are  in  the  domestic  trade,  may 
justify  an  expectation  that  about' half  of  the  Lake  freightage  would 
enter  or  pass  through  the  canal. 

Although  all  sorts  of  statements  have  been  made  asserting  the 
unsuitableness  of  vessels  with  a  draft  of  8  ft.  and  more,  even  in 
deepened  lake  channels,  no  one  is  known  to  have  had  the  temerity 
to  put  a  limit  on  the  growth  of  the  Lake  traffic,  and  it  would  evidently 
be  unwise  to  construct  a  canal  too  small  to  carry  a  traffic  of  less  than 
40  000  000  tons  with  the  economy  dependent  on  speed  and  convenience. 
An  approximate  estimate  of  the  cost  of  such  a  canal,  without  ref- 
erence to  deepening  the  Lake  channels,  may  be  made  by  subtracting 
Mr.  Wisner's  $27  000  000,  the  cost  of  deei^ening  the  Lake  channels, 
from  the  before-used  $317  284  348,  and  adding  50^^  for  building  the 
canal  through  the  United  States.  At  3"'o  interest  and  0.5%  mainten- 
ance, the  annual  charge  would  be,  say,  $15  250  000. 
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If  a  probable  tou-mile  rate  of  0.8  mill  is  accepted  as  fair  for  Lake  Mr  North. 
freights — and  for  1898  the  average  rate  was  0.79  mill— and  a  retardation 
of  50*',)'  for  the  entire  distance  of  500  miles  between  Buffalo  and  New 
York  is  assumed,  the  freight  charge  should  be  60  cent^  per  ton. 

If,  on  the  other  hand,  a  railroad  rate  of  3  mills  per  tou-mile  for  the 
440  miles  between  Buffalo  and  New  York  is  taken,  the  cost  will  be 
!t^l.32,  making  a  difference  of  72  cents  jjer  ton.  At  this  rate,  the 
transit  of  less  than  22  000  OOU  tons  would  be  required  to  directly  pay 
the  country  for  the  expenditure.  This  amount  is  less  than  the  average 
freight  through  the  Soo  for  the  three  years  ending  with  1899.  Obvi- 
ously, to  contend  that,  neglecting  entirely  all  incidental  benefits,  there 
could  be  any  loss  to  the  country  by  constructing  a  30-ft.  canal  through 
the  State,  it  is  necessary  to  show  that  either  the  estimate  of  cost  is 
too  low  or  an  insufficient  allowance  for  retardation  has  been  made. 

As  the  decisive  element  in  this  discussion  hinges  on  the  relation 
between  the  possible  cost  of  a  deep  waterway  from  Chicago  and 
Duluth  to  the  Port  of  New  York,  and  the  probable  saving  in  the  cost 
of  transporting  the  immense  volume  of  freightage  to  be  developed  by 
the  improved  watei-way,  indulgence  is  asked  for  the  presentation  of 
another  postulate:  If  it  is  thought  that  the  previous  estimate  should 
be  doubled  to  cover  all  contingencies,  instead  of  having  50%'  added 
as  before,  the  annual  charge  would  become  $22  190  000.  Assuming 
that  the  expected  80  000  OilO  tons  on  the  Lakes  were  carried  the  present 
average  distance  at  a  saving  of  0.25  mill  jier  ton-mile,  it  woiild  leave 
$5  650  000  to  be  earned  on  the  canal.  If  there  was  no  larger  saving 
per  ton  carried  in  the  canal  than  the  cost  of  transferring  package 
freight  at  Buffalo,  viz.,  27.1  cents  per  ton,  as  mentioned  by  Major 
Symons,  it  would  require  only  21  000  000  tons  to  pass  through  the  im- 
proved canal  to  repay  the  country  the  interest  and  maintenance  on 
the  entire  outlay. 

The  above-estimated  cost  is  supposed  to  be  greatly  in  excess  of  any 
necessary  expenditure,  and,  in  view  of  the  fact  that  the  Government 
is  borrowing  money  at  2^^,  the  allowance  of  3.5%  for  interest  and 
maintenance  will  be  thought  sufficient.  '  Deepening  the  Lake  channels 
from  16  to  21  ft.,  and  enlarging  the  locks,  has  resulted  in  reducing 
freight  rates  from  2  to  1  mill,  and  it  is  not  probable  that  anyone  will 
contend  that  a  further  deepening  from  21  to  30  ft.  would  not  force  a 
greater  reduction  in  rates  than  |  mill.  The  only  ground  for  attacking 
the  estimate  appears  to  require  a  prediction  that  our  producing, 
manufactiiring  and  consuming  capacity  is  about  to  be  paralyzed. 

Although  a  very  large  sum,  compared  with  the  cost  of  preceding 
public  or  corporate  improvements,  will  be  required  for  this  work,  it 
is  suggested  that  there  is  no  necessity  for  a  partial  improvement.  The 
United  States  has  not  only  abundant  credit,  but  the  necessary  capital 
in  hand  to  carry  the  enterprise  to  a  prompt  completion .     And  it  is 
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Mr.  North,  confidently  piedicted  that  in  no  year  will  the  expenditures  on  this 
improved  waterway  exceed  our  loans  of  the  current  year  to  foreign 
countries,— loans  that  aid  them  in  industrial  competition. 

In  a  paper  on  the  Suez  Canal,  lately  read  before  the  Institution  of 
Civil  Engineers,  London,  by  Sir  Charles  Hartley,  it  is  stated  that 
questions  addressed  to  many  captains  and  pilots  navigating  that  canal 
showed  a  consensus  of  opinign  in  favor  of  a  canal  that  could  pass 
vessels  at  a  sjjeed  of  8  knots — 9.22  miles — per  hour.  For  this,  3  to  3^  ft. 
under  the  bottom  of  the  vessel,  with  H  clear  beam  widths  between 
vessels  when  passing,  and  40  ft.  between  the  vessel  and  the  bank  was 
desired,  with  an  ultimate  dej^th  of  32  ft.  9  ins. 

The  present  scheme  for  enlargement  pi'ovides  for  a  dejjth  of  29  ft. 
6  ins.,  a  bottom  width  of  200  ft.,  or  a  cross-section  of  8  075  sq.  ft. 
Mr.  Lionel  B.  Wells  wrote,  in  discussion  of  that  paper,  that  with  a 
vessel  said  to  have  a  speed  of  11  knots  in  the  open  sea,  he  made  8 
knots  per  hour  in  the  canal.  The  cross-section  of  the  vessel  was  819 
sq.  ft.,  and  the  probable  cross-section  of  the  canal  5  384  sq.  ft.,  or 
about  6^  times  the  cross-section  of  the  vessel. 

The  Bureau  of  Statistics,  in  its  "  Miscellaneous  Tables,"  gives  the 
mean  duration  of  passage  of  vessels  navigating  the  Suez  Canal  by 
night  and  day  as  17  hours  16  minutes,  or  an  average  of  5.8  miles  per 
hour,  including  the  necessary  delays  at  "gares,"  as  often  as  vessels 
meet. 

It  is  noticeable  that  a  depth  of  29  ft.  6  ins.  is  being  obtained,  and 
a  depth  of  32  ft.  6  ins.  is  expected  in  a  canal  that  for  some  time  has 
not  had  half  the  traffic  of  the  Soo,  and  probably  will  never  pass  one- 
fourth  of  the  traffic  of  the  Detroit  Eiver.  The  paper  of  Sir  Charles 
Hartley,  with  the  discussion,  strengthens  the  general  conviction  that 
the  sjjeed  of  boats  in  contracted  channels  increases  faster  than  the 
ratio  of  the  cross-sections  of  the  channels  to  that  of  the  boats;  and  any 
desired  speed  can  be  maintained  in  a  canal  of  sufficient  size.  The 
remarkable  absence  of  accidents  delaying  traffic  in  the  Suez  Canal 
gives  strength  to  the  theory  that  accidents  are  less  to  be  dreaded  in 
canals  than  in  comparatively  short  passages  of  restricted  width  in  the 
course  of  a  free  navigation.  And  it  should  be  remembered  that  while 
a  small  canal  is  impracticable  for  a  large  vessel,  the  small  vessel  moves 
with  less  expense  than  in  a  more  contracted  channel. 

It  seems  that  with  a  channel  of  sufficient  cross-section  to  conveni- 
ently accommodate  the  tonnage  which  may  be  fairly  expected,  the 
saving  in  the  cost  of  the  freight  carried  will  more  than  pay  the 
assumed  rates  of  interest  and  maintenance.  And  that,  without  regard 
to  indii'ect  and  collateral  benefits,  the  investment  will  aflford  a  profit 
to  the  public  after  i)aying  interest  and  maintenance  charges. 

With  these  considerations,  it  does  not  seem  entirely  proper  to 
imagine  a  canal  of  inadequate  capacity  and  predicate  on  that  concep- 
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tion  the  necessity  of  high  freight  rates  because  of  a  speed  of  "  only  5  Mr.  North, 
miles  per  hour." 

The  very  full  and  complete  statistics  kei^t  by  the  engineer  corps 
at  the  Soo,  which  cover  the  last  thirteen  years,  show  that  concurrently 
with  deepening  and  enlarging  the  Lake  channels,  and,  it  is  confidently 
thought,  in  consequence  of  such  deepening,  the  tons  carried  in  1887, 
5  494  619,  increased  to  "zb  255  810  in  18S9,  while  the  cost  for  such  car- 
riage increased  from  ^10  075  153  to  .^21959  707.  A  very  important 
relation  of  this  traffic  to  the  production  and  wealth  of  the  country  is 
shown  by  the  fact  that,  while  the  value  per  ton  was  ^13.83  in  1887, 
reaching  its  minimum,  .^10. 59,  in  1895,  and  averaging  S11.14  for  the 
thirteen  years,  the  cost  of  transportation,  compared  with  the  value  of 
the  freight,  has  decreased  from  an  average  of  10.88%'  lor  the  three 
years  ending  with  1889,  to  6.34%"  for  the  three  years  ending  with  1898, 
having  averaged  for  the  thirteen  years  7. 84%  of  the  value  of  the  goods 
transported  an  average  distance  of  827  miles. 

It  is  unnecessary  to  explain  the  eifect  of  this  low  fi'eight  rate  on 
the  production  and  wealth  of  this  country,  much  of  the  produce 
having  been  sold  on  Lake  Erie  docks  for  less  than  the  railroad  charges 
between  the  points  of  production  and  sale,  according  to  E.  S.  Wheeler, 
M.  Am.  Soc.  C.  E.,  for  some  time  superintendent  of  the  locks  at  the 
Soo.  The  cost  of  trausi^ortation  by  railroads  would  probably  have 
prevented  the  production  of  fully  half  the  freight  carried,  as  they 
would  have  left  only  about  45%  of  the  value  to  the  producers.  And 
the  low  freight  rates  on  the  Lakes  have  been  an  important  if  not  gov- 
erning factor  in  our  ability  in  the  nine  months  ending  with  September 
30th,  1900,  to  sell  manufactured  goods  valued  at  over  i$338  000  000  to 
foreigners.  During  the  period  under  consideration  the  total  value  of 
the  1G9  333  701  tons  passing  through  the  Soo  was  $1  986  374  573,  and 
^155  798  436  was  received  for  its  carriage  on  the  Lakes.  If  this  ton- 
mileage  had  paid  railroad  rates,  it  would  have  cost  over  ^1  000  000  00 
more.  This  sum  applied  to  the  total  expenditures  of  the  country  for 
rivers  and  harbors— .$320  000  000— gives  a  very  satisfactory  dividend. 
Comparing  the  railroad  rates  of  1899  with  the  water  rates,  there  is  a 
saving  of  .§129  715  811,  or  a  dividend  of  40.5%,  on  the  above-mentioned 
expenditure. 

It  is  recognized  that  objections  are  made  to  taking  the  average  of 
all  railroad  freights  in  comparison  with  water  rates  on  lower-classed 
goods,  but  as  a  rough  measure  the  method  may  be  in'&dequate,  in 
view  of  the  facts  that  the  tonnage  through  the  Soo  is  about  half  of  the 
traffic  on  the  Great  Lakes,  and  our  average  freight  rates,  which  are  less 
than  half  those  of  any  other  country,  are  declining  rapidly.  This  is 
due  more  to  the  competition  developed  by  our  ample  Lake  channels 
than  to  any  other  cause.  If  the  entire  cost  of  transportation  must  be 
taken  in  some  proportion  from  the  resources  of  both  producer  and 
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Mr.  North,  consumer,  it  is  jDrobable  that  the  direct  gain  to  the  people  served 
by  the  enlargement  of  the  locks  and  channels  during  the  last  thir- 
teen years  is  greater  than  .f2  000  000  000,  rather  than  less  than 
^1  000  000  000.  This  is  in  addition  to  indirect  gains  from  the 
emijloyment  given  in  producing  such  part  of  the  SI  986  374  570  as 
was  made  possible  by  low  freights  and  the  consumption  consequent 
on  such  production. 

History  takes  no  cognizance  of  an  occasion  when  a  proposition  ta 
enlarge  channels  of  distribution  and  cheapen  transportation  has  been 
submitted  to  the  public  without  decided  ojjposition  to  the  project 
from  those  having  an  interest  in  existing  transportation  facilities. 
Most  of  us  remember  the  Lake  Carriers  ojaposition  to  General  Poe's 
plan  for  a  20-ft.  navigation,  and  Thomas  C.  Keefer,  Past  President  of 
this  Society,  in  a  paper—"  The  Canals  of  Canada  " — read  before  the 
Royal  Society  of  Canada  in  1893,  has  preserved  a  record  of  some  of  the 
influence  brought  to  bear  on  a  Commission  appointed  by  the  Dominion 
Government  in  1870  to  decide  on  the  depth  of  the  Canadian  Canal 
system. 

A  ship  owner,  of  Oswego,  thought  vessels  200  ft.  long  with  a  burden 
of  750  tons  "  ample  for  the  internal  commerce  of  the  Lakes,  the  Lower 
Provinces  and  New  England;  longer  locks  would  cause  expense,  a 
strong  current  and  delay,  not  warrantable  in  order  to  provide  forafew^ 
and  rare  cases  where  large  vessels  would  desire  to  pass  to  and  from 
the  ocean." 

Another,  "  whose  life  had  been  spent  in  the  commerce  of  the  Lakes  " 
said: 

"  It  had  been  clearly  established  that  vessels  of  over  700  or  800  tons 
were  not  so  profitable  on  the  Lakes  as  vessels  of  a  smaller  size.  Nature 
has  placed  barriers  in  front  of  most  of  our  harbors,  also  wide  flats 
across  some  of  our  greatest  thoroughfares,  that  will,  in  spite  of  art,  for 
ages  to  come,  make  it  necessary  to  build  lighter-draft  vessels.  Sail 
vessels  of  over  800  tons  could  not  safely  navigate  the  lakes  even  if 
harbors  were  deep  enough." 

Mr.  Keefer  does  not  make  it  entirely  clear  whether  this  testimony 
is  preserved  to  palliate  the  insufficient  size  of  the  Canadian  canals,  or 
to  show  the  exuberant  imagination  develoijed  by  the  possession  of 
some  small  wooden  schooners,  in  the  minds  of  otherwise  reliable  citi- 
zens. The  conclusions  and  opinions  reproduced  bear  a  striking  resem- 
blance to  some  published  thirty  years  later  by  the  Committee  on 
Canals  of  New  York  State. 

Notices  of  large-sized  steamships  which  have  been  built  lately,  for 
as  certain  an  ocean  trade  as  that  on  the  Great  Lakes,  seem  to  be 
responsible  for  a  theory  that  all  over-sea  commerce  is  carried  in  ocean 
leviathans,  and  that  if  we  cannot  have  ocean  leviathans  we  cannot 
trade.  But  the  sea-borne  exports  from  the  United  States  are  carried  in 
vessels  that  average  818  tons  net  register;  32  108  vessels  with  an  aggre- 
gate of  26  265  976  net  registered  tons  cleared  from  our  ports  in  the 
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foreign  trade  during  the  fiscal  year  1899.  The  average  register  of  sail-  Mr.  North. 
ing  vessels  was  371  tons,  and  of  steamships  1  064  tons.  As  a  matter 
of  comparison,  the  American  sail  vessels  passing  through  the  locks 
at  the  Soo  during  the  calendar  year  1899  averaged  944  net  registered 
tons,  and  the  American  steamers  1  162  tons,  or  nearly  9]^^  greater  ton- 
nage than  those  engaged  in  our  foreign  trade.  And  the  vessels,  sail 
and  steam,  carrying  our  exports  to  foreign  countries  averaged  only 
three-quarters  of  the  tonnage  of  our  vessels  carrying  between  Lake 
Superior  and  the  lower  lakes. 

The  steamships  out  of  the  Port  of  New  York,  in  our  export  trade, 
averaged  2  324  tons;  those  to  English  and  European  ports  north  of 
Gibraltar,  3  0.55  tons.  To  the  Mediterranean,  the  average  was  2  104 
tons;  to  South  American  jiorts,  1  517  tons,  and  to  West  Indian  ports, 
1  453  tons. 

The  greater  average  tonnage  to  j^orts  north  of  Gibraltar  is  due  in 
part  to  their  larger  consumption,  and  in  part  to  our  necessity  of  shipping 
via  those  countries  whose  persistent  subsidies  to  steamer  lines  has 
enabled  them  to  become  distributors  of  the  goods  of  less  alert  nations 
to  those  small  but  more  profitable  markets  which  are  not  reached  by 
direct  lines  from  this  country. 

Although  there  is  no  doubt  that  the  large  vehicle  with  full  loads 
always  carries  freight  at  a  lower  cost  than  the  smaller  one,  the  small 
carrier  is  necessary  to  commercial  development  and  occupies  the  same 
position  to  ports  of  smaller  production  that  our  cheajjly  constructed 
raikoads  of  the  '40's  and  '50's  held  in  the  development  of  this  country. 
A  large  commerce  is  as  imj^ossible  without  development  by  the  small 
carrier  as  the  four-tracked  railroad  would  be  without  its  forerunner, 
the  cheap  road. 

Much  has  been  said  about  barge  and  other  towing  on  the  Lakes, 
the  Atlantic  and  on  rivers.  Towing  on  the  Lakes,  though  theoretic- 
ally economical,  has  not  proved  sufficiently  profitable  in  practice  to 
receive  much  development.  The  peculiar  fleet-towing  on  the  Ohio 
and  Mississippi,  viz.,  the  towboat  pushing  the  fleet  or  holding  back  in 
bends,  gives  probably  the  cheajiest  transportation  known,  but  that 
method  would  be  impossible  on  the  Lakes,  of  doubtful  practicability 
on  any  canal,  impracticable  in  a  stream  like  the  Hudson,  where  the 
tide  ebbs  and  flows  from  New  York  to  Troy,  and  would  be  dangerous 
at  times  in  the  Tapjian  Zee  with  the  style  of  boats  used  on  the  Ohio. 
String  and  fleet-towing  are  both  practicable  on  nearly  all  rivers,  and 
there  seem  to  be  no  theoretical  objections  to  its  economy;  but,  except- 
ing fleet-towing  on  the  Hudson,  it  has  not  been  much  develoj^ed  in 
this  country. 

String-towing  has  for  some  time  been  practiced  both  on  the  Lakes 
and  ocean,  particularly  in  the  coasting  trade.  At  one  time  the  large 
coal  railroads  moved  substantially  all  of  their  coal  to  eastern  ports  by 
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Mr.  North,  towboats  and  barges.  In  the  dark  days  between  1893  and  1897  it  was 
thought  the  coasting  schooner  was  doomed.  It  is  asserted  that  for 
one  year  only  one  schooner  was  launched  in  eastern  ship  yards.  That 
is  now  ancient  history.  For  some  time  there  has  not  been  a 
vacant  berth  in  an  eastern  yard.  A  list  of  this  year's  launchings 
shows  eighteen  4-masted  to  6-masted  schooners,  averaging  over  1  700 
tons  gross  register  each.  The  coal  companies  will  doubtless  continue 
towing  barges  along  the  Atlantic  coast,  but  it  is  doubtful  if  that 
method  of  transportation  will  again  attain  the  relative  importance 
of  four  years  ago;  it,  however,  does  not  seem  likely  to  be  discon- 
tinued, and  will  probably  always  present  a  means  of  cheap  trans- 
portation. 

Fear  is  felt  by  some  that  foreign  governments  would  subsidize 
steamer  lines  to  our  Lake  jjorts  and  not  only  capture  the  trade  of  the 
Lakes,  but  destroy  the  ship-building  industry  established  there.  Such 
fear  does  not  seem  well  founded.  No  vessel  under  a  foreign  flag  could 
do  a  way  business  between  any  ports  in  the  United  States,  and, 
though  a  few  foreign  steamers  would  discharge  and  load  cargoes  at 
Lake  ports,  their  entire  participation  in  that  traffic  would  probably 
not  exceed  the  2  to  i^o  of  British  tonnage  now  passing  the  Soo.  But 
it  can  be  confidently  i^redicted  that,  with  a  practicable  channel  to  the 
sea,  there  are  few  vessels  which  would  not  add  to  their  cost  the  8  to 
10%"  necessary  to  put  in  condensers  and  enable  them  to  compete  for 
the  very  high  ocean  freight  rates  now  exacted,  which  are  substantially 
paid  by  our  producers. 

This  theory,  that  either  American  carrying  or  American  ship 
building  would  be  injured  by  an  ample  waterway  connecting  the  Lakes 
and  ocean  together,  has  great  doubt  thrown  uijon  it  by  the  attitude  of 
the  agents  of  foreign  steamships  sailing  from  our  jaorts  and  that  of  their 
employees  and  other  servants.  These  lines  are  generally  subsidized 
by  the  governments  whose  flag  they  fly,  governments  that  know  what 
they  are  paying  their  money  for,  and  their  agents  in  this  country 
must  uphold  the  interests  of  such  governments,  as  well  as  the  interests 
of  the  stockholders  and  those  of  the  closely  affiliated  railroads  in  this 
country,  or  make  way  for  some  one  better  fitted  for  the  jaosition.  It 
is  doubtful  if,  in  the  whole  category,  a  single  advocate  for  anything 
larger  than  a  barge  canal  can  be  found.  And  the  fear  that  a  ship  canal 
of  ample  cross-section  would  enable  these  foreign  shipowners  to 
increase  or  even  maintain  their  present  high  rates  for  freight  and 
passengers  seems  to  have  no  more  foundation  than  a  fear  that  the 
same  canal  would  allow  the  New  York  Central  to  maintain  either  its 
general  freight  rates  or  its  discrimination  against  the  ijrofits  of  our 
wheat  growers. 

The  importance,  to  our  national  prosperity,  of  our  present  low 
freight  rates  and  their  further  development  in  this  direction  cannot 
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be  overestimated.     Any  history  treating  of  national  power,  from  tbe  Mr.  North. 

dim  days  when  its  seat  lay  on  the  Eui^hrates  route   between  India 

and  the  then  West,  to  the  present,  shows,  probably  without  assertion, 

that  possession  of  the  cheaj^est  and  most  efficient  transportation  has 

been   necessary   for   the   greatest    development    of    prodnctiou   and 

wealth. 

Forty  years  ago  Great  Britain  possessed  the  cheapest  internal 
transportation,  and,  while  seeing  the  destrtiction  of  our  merchant 
marine,  was  building  up  its  own  with  subsidies  of  nearly  £1  000  000 
per  annum.  In  the  aggregate  rewards  of  its  industrial  energy  it  was 
apparently  unapproachable.  But  the  principle  of  conserving  vested 
rights  has  enabled  the  managers  of  her  railways  to  maintain  freight 
rates  without  sensible  diminution  during  this  period,  and  prevented 
competition  from  enlarged  canals.  Other  nations,  however,  have  en- 
larged their  waterways  and  reduced  freight  rates.  Then,  England 
stood  easily  first  among  the  nations  and  this  country  third.  Now,  the 
United  States,  having  the  lowest  freight  rates,  stands  first,  and  there 
is  doubt  whether  England,  whose  manufacturers  and  consumers  pay 
more  per  ton-mile  for  transporting  their  freight  than  any  other  people, 
stands  second  or  third  in  rank. 

The  managers  of  our  railroads,  unable  to  establish  legislative 
principles  analogous  to  those  of  England,  except  possibly  along  our 
northern  seaboard,  have  adopted  the  expedient  known  as  "community 
in  stock  ownership  "  with  the  ajji^arent,  if  not  avowed,  intention  of 
preventing  healthy,  or  other,  comjjetition  in  the  future.  Success  in 
this  plan  will  probably  result  in  no  further  diminution  of  freight  rates 
in  this  country,  unless  there  is  more  effective  competition  from  water 
routes.  Few  doubt  that  the  opening  of  the  combined  Lake  and  canal 
route  in  the  spring  still  influences,  and  to  some  extent  controls,  all 
freight  rates  east  of  the  Mississippi,  as  they  did  to  a  greater  extent 
when  Mr.  Fink  gave  his  testimony.  None  can  doubt  that  a  larger 
waterway  than  the  j)resent  would  have  more  influence;  nor  can  it  be 
denied  that  the  larger  the  waterway,  the  greater  the  influence  exerted 
by  it.  The  only  tenable  question  is  as  to  the  economical  size  of  the 
canal. 

Approaching  the  discussion  of  these  papers  with  a  predilection  in 
favor  of  large  channels,  that  some  might  call  a  pi'ejudice,  a  collation 
of  the  figures,  presented  from  year  to  year  by  the  members  of  the 
United  States  Engineer  Corps  in  charge  of  the  locks  at  the  Soo,  show- 
ing the  important  items  of  the  traflic,  has  resulted  in  astonishment  at 
the  combined  growth  of  tonnage  and  decrease  in  cost  of  transi^orta- 
tion,  both  absolutely  and  in  terms  of  value  carried.  They  show  a 
traffic  that  is  unprecedented  for  volume  per  inhabitant  served,  and  is 
also  thought  to  be  unprecedented  in  both  the  small  value  per  unit  of 
commodities  carried  and  in  the  low  cost  of  the  service.     This  is  from 
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Mr.  North,  a  lake,  the  shores  of  which  were  visited  by  the  explorers  of  sixty  years 
ago. 

When  the  first  locks  at  the  Soo  were  opened  to  traffic  we  were  a 
150or  nation,  and  caj^ital  for  small  enterprises  was  secured  with 
difficulty,  mostly  from  foreigners  at  money-lender's  bargains.  To-day 
we  seem  to  be  the  world's  favorite  gathering  ground  for  national 
loans. 

A  consideration  of  the  curves  of  increase  and  decrease,  shown  by 
these  returns,  and  their  extensions,  have  apjieared  to  justify  the  fore- 
going assumed  increases  in  tonnage  and  decreases  in  cost  of  service. 
They  also  are  thought  to  warrant  the  prediction  that  no  channel  from 
the  heads  of  the  Great  Lakes  to  the  Port  of  New  York  in  the  service  of 
distribution  between  the  area  which  seeks  outlet  on  that  channel  and 
the  Atlantic  coast  of  our  country,  will  be  so  large  as  not  to  be  incon- 
veniently crowded  by  the  passing  traffic.  The  dii-ect  returns  from  the 
lower  freight  rates,  on  an  amjjle  and  commodious  channel,  will 
undoubtedly  exceed  the  annual  expense  to  the  nation  for  interest  and 
maintenance. 

As  the  statistics  referred  to  may  not  be  easily  accessible  to  all 
members  of  the  Society,  they  are  given  in  Tables  Nos.  2  and  3,  with 
the  addition  of  the  railroad  rate  i^er  ton-mile,  as  given  in  Poor's 
Manual,  and  some  calculated  deductions. 


TABLE   No.    2. — Net   Eegisteked    Tonnage  Passing   the  Locks   at 
8ault  Ste.  Marie  (The  Soo). 


Year. 

Tonnage. 

Year. 

Tonnage. 

Year. 

Tonnage. 

Year. 

Tonnage. 

Year. 

Tonnage. 

1855 

106  296 

1864 

571  438 

1873 

1  204  446 

1883 

2  468  088 

1891 

8  400  685 

1856 

101  458 

1865 

409  062 

1874 

1  070  867 

1883 

2  043  259 

1893 

10  647  203 

1857 

180  820 

1866 

458  530 

1875 

1  259  534 

1884 

2  997  837 

1893 

8  949  754 

1858 

219  819 

1867 

556  899 

1876 

1  541  676 

1885 

3  035  937 

1894 

13  110  366 

1859 

358  642 

1868 

432  563 

1877 

1  439  210 

1886 

4  319  397 

1895 

16  806  781 

1800 

403  657 

1869 

524  885 

1878 

1  667  136 

1887 

4  897  598 

1896 

17  249  418 

1861 

276  639 

1870 

690  826 

1879 

1  677  071 

1888 

5  130  659 

1897 

17  619  933 

1862 

359  613 

1871 

752  101 

1.S80 

1  734  890 

1889 

7  221  935 

1898 

18  622  754 

1868 

507  434 

1872 

914  735 

1881 

2  092  757 

1890 

8  454  435 

1  1899 

21  958  347 

Lock. 

Dimensions. 

Date  of  opening. 

First  lock;  double  lift 

350  X    70  X  IIU  ft. 
515  X    80  X  17  ft. 
900  X    60  X  20  ft. 
800  X  100  X  21  ft. 

June  18th,  1855. 

Weitzel  lock 

Sept.   1st,  1881. 
Sept.  9th,  1895. 
Aug.     8d,  1896. 

Canadian  lock 

Poe  lock 

Note.— Deepening  the  lake  channels  from  16  ft.  to  21  ft.  was  commenced  in  the  spring 
of  1893  and  completed  in  1898. 
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Mr.  Monro.  Thomas  MoNKO,  M.  Inst.  0.  E.  (by  letter). — Mr.  Wisner  makes  out 
a  fair  case  for  a  21-ft.  channel,  but  the  writer  must  take  exception  to 
the  way  in  which  he  has  bracketed  the  "  decline  of  traffic  on  the  Erie 
Canal  since  1880,"  with  the  alleged  "failure  of  the  14-ft.  Canadian 
canals  to  divert  commerce  from  the  lake  and  railroad  lines."  It  is 
true  that  the  traffic  of  the  Erie  Canal,  at  its  present  dimensions,  is  con- 
stantly declining  — and  for  obvious  reasons — but  the  14-ft.  channel 
between  Lake  Ontario  and  the  sea  has  not  yet  been  tried,  and,  there- 
fore, cannot  correctly  be  said  to  have  failed.  As  is  well  known,  the 
Canadian  canals  were  only  fully  opened  to  the  new  dimensions  this 
spring,  and  there  are  as  yet  but  few  vessels  of  full  "  Canadian  canal 
size  "  in  existence.  The  fleet  that  can  navigate  the  St.  Lawrence  route 
to  the  greatest  advantage  has  yet  to  be  built,  but  the  writer  believes 
that  a  number  of  suitable  craft  are  now  in  hand  on  the  Upper  Lakes. 
As  a  matter  of  fact,  only  one  vessel  drawing  13^  ft.  passed  through  to 
Montreal,  so  far,  this  season.  The  writer  is  inclined  to  believe,  how- 
ever, that  the  $65  000  000  spent  by  Canada  on  a  line  of  navigation 
which  will  enable  vessels  drawing  14  ft.,  and  carrying  from  2  000  to 
2  200  tons,  to  pass  directly  from  Duluth,  Fort  William  or  Chicago  to 
Montreal  without  breaking  bulk,  has  not  been  entirely  thrown  away — 
but,  on  the  contrary,  this  magnificent  route,  when  fully  developed,  as 
it  will  be  ere  long,  must  prove  a  valuable  means  of  transporting  grain, 
ore,  steel,  etc.,  for  export  to  Europe  via  Montreal. 

If  the  arguments  set  forth  in  Major  Symons  report  of  1897  are  cor- 
rect (and  the  writer  believes  this  to  be  the  ablest  and  most  practical 
paper  which  has  so  far  been  written  on  the  subject),  and  his  conclusion 
sound,  that  the  best  thing  New  York  can  do  is  to  construct  a  10-ft. 
barge  canal  across  the  State  350  miles  from  Buffalo  to  Albany,  then 
there  appears  to  be  a  chance  for  Canada  to  do  some  business,  on  a  14-ft. 
basis,  with  boats  of  2  000  tons,  and  only  about  70  miles  of  canals  be- 
tween the  Great  Lakes  and  the  seaboard.  Of  course,  it  is  a  fact  that 
the  domestic  commerce  of  the  United  States,  between  the  centers  of 
population  in  the  East  and  the  producing  regions  of  the  West,  con- 
stitutes the  vast  bulk  of  the  present  traffic;  and  the  Canadian  route 
does  not  lead  directly  either  to  the  New  England  States  or  New  York; 
but  the  development  of  Canada's  own  vast  ai-eas  of  production  in  the 
Northwest  must  soon  give  plenty  of  work  to  do.  There  will  be  enough 
to  crowd  all  the  avenues  of  transportation  both  by  rail  and  water. 
The  railways  are  making  such  rapid  strides  in  cheapening  freights 
that  the  water  routes  will  have  to  look  to  their  laurels.  Brindley  said 
that  rivers  were  made  to  feed  canals;  but  one  would  not  now  be  sur- 
prised to  hear  of  railway  men  proi^osing  to  fill  them  both  up  so  as  to 
form  roadbeds  for  their  ever-multiplying  tracks.  If  the  water  routes 
fail  entirely,  as  has  been  so  confidently  predicted,  the  Canadian  route 
cannot  prove  the  exception  hoped  for.     At  all  events,  Canada  is  past 
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the  theorizing  stage.  Its  main  canal  system  is  now  completed,  such  Mr.  Monro, 
as  it  is,  and,  if  it  fail,  all  that  can  then  be  said  for  Canadians  is  that 
they  deserve  more  credit  for  pluck  than  for  foresight.  However,  the 
end  is  not  yet,  and  the  writer,  for  one,  fully  believes  that  Canada  will, 
in  due  time,  reap  the  full  benefits  of  her  large  expenditure  on  her 
national  route. 

Frank    A.   Hinds,  M.   Am.   Soc.    C.    E.    (by  letter). — Mr.  Wisner's  Mr.  Hinds, 
paper  is  valuable  in  that  it  shows  the  necessary  dimensions  a  canal 
must  have  in  order  to  do  a  successful  business  between  the  Great  Lakes 
and  New  York,  and  Mr.  Mayer's  paj^er  throws  much  light  on  the  ques- 
tion of  who  should  build  it. 

That  the  enterprise  belongs  to  the  United  States  and  not  to  the 
State  of  New  York  alone,  becomes  more  evident  the  more  it  is  consid- 
ered, although  New  York  State  will  always  be  much  interested  in  it, 
on  account  of  its  necessary  location  through  her  territory. 

Nature  made  a  great  valley  through  the  middle  of  New  York  State, 
cutting  the  Appalachian  system  of  mountains  below  the  level  of  Lake 
Erie  and  making  it  possible  to  construct  a  self-supplying  waterway 
from  this  lake  directly  to  tide  water  at  Troy  on  the  Hudson.  In  the 
report  of  the  Deep  Waterways  Commission  of  1897,  this  route, 
although  mentioned,  was  not  reported  with  favor,  but,  instead,  a  route 
was  mentioned  from  Lake  Erie  to  Lockport  and  to  Lake  Ontario  at 
Olcott  Harbor,  and  thence  by  way  of  Lake  Ontario  to  Oswego  and  up 
again  through  the  Mohawk  Valley  and  finally  down  to  Troy.  The 
reasons  given  in  favor  of  the  Lake  Ontario  route  were:  Less  standard 
canal  to  build;  the  develojiment  of  new  business  on  Lake  Ontario,  and 
a  supposed  saving  in  total  length. 

It  would  seem  now,  however,  in  view  of  the  comisarative  sjjeed 
which  a  vessel  may  be  able  to  make  in  the  canal,  as  is  shown  in  the 
two  papers  under  disciission,  and  also  in  view  of  the  expense  and  diffi- 
culty of  providing  an  adequate  and  reliable  water  supply  for  the 
summit  of  the  Mohawk  Valley  Canal,  that  the  subject  of  a  self-supply- 
ing, continuously-descending-grade  canal  from  Lake  Erie  to  the 
Hudson  should  have  further  consideration. 

The  level  of  Lake  Erie  is  573  ft.  above  tide;  that  of  Lake  Ontario 
247  ft.  The  long  Rome  Level  of  the  present  Erie  Canal  is  430  ft. 
above  tide,  or  183  ft.  higher  than  Lake  Ontario.  Of  all  the  business 
to  be  done  on  a  waterway,  probably  more  than  seven-eighths  would 
come  from  Lake  Erie  or  points  farther  west. 

Now,  if,  as  recommended  by  the  Deep  Waterways  Commission  in 
1897,  the  route  is  from  Lake  Erie  through  Lockport  and  Olcott  to 
Lake  Ontario,  and  thence  by  Oswego  and  Oneida  Lake  to  Rome,  all 
the  through  tonnage  must  be  lowered  to  the  level  of  Lake  Ontario  and 
then  raised  again  to  the  Rome  Level,  making,  as  compared  with  a 
continuous-down-grade  canal,  twice  the  difiference  in  level  of  183  ft. 
from  Lake  Ontai-io  to  Rome,  or  366  ft.  of  unnecessary  lockage. 
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Mr.  Hinds.  A  new  canal  wouid,  of  course,  be  made  with  fewer  locks  and 
greater  lifts  than  was  the  old  practice,  but  the  delays  consequent 
upon  366  ft.  of  lockage  would  offset  any  advantage  of  greater  speed  to 
be  made  by  vessels  while  in  the  open  lake  between  Olcott  and  Oswego. 
The  time  required  for  this  120  miles  of  lake  navigation  at  12  miles  per 
hoiir  would  be  10  hoiirs,  while  in  the  standard  canal,  at  8  miles  per 
hour,  it  would  take  15  hours,  or  5  hours  more  than  on  the  open  lake; 
but  this  would  be  a  short  time  in  which  to  accomplish  the  366  ft.  of 
unnecessary  lockage.  A  comparison  of  the  total  distance  over  each  of 
the  two  routes,  although  it  cannot  be  made  with  certainty  until  each 
is  carefully  surveyed,  would  probably  not  disclose  a  great  difference 
between  them;  but  the  jarobabilities  are,  judging  from  a  study  of  the 
toioographical  maps  of  the  United  States  Geological  Survey,  etc.,  that 
the  shorter  line  will  be  found  to  be  by  way  of  the  continuous  canal. 

With  the  continuous  down-grade,  the  water  from  Lake  Erie  would 
practically  supply  the  canal  through  to  the  Hudson,  and  avoid  the 
very  difficult  problem  of  providing  an  entire  water  sujjply  at  the 
Rome  Summit. 

It  is  to  be  remembered  that,  where  a  canal  passes  over  a  summit, 
the  water  must  be  supplied  at  the  top,  and  each  boat  in  passing  over 
requires  a  suj^ply  of  water  equal  to  the  horizontal  size  of  the  lock  mul- 
tiplied by  the  total  height  of  all  the  locks  ascended  or  descended. 

A  ship  canal  passing  over  the  Rome  Summit  Level,  from  Lake 
Ontario  to  the  Hudson,  requires  a  total  lift  of  183  +  430  =  613  ft., 
and  all  the  water  for  operating  the  locks  in  either  direction  must  be 
supplied  at  the  summit. 

It  was  jjroposed,  in  the  Deep  Waterways  rejjort,  to  make  a  moderate 
development  of  the  canal  through  western  New  York,  with  a  high 
level  from  Newark  to  Syracuse,  as  a  means  of  water  supply  for  the 
Mohawk  Valley  Summit. 

Now,  if  it  is  practicable  to  make  a  feeder  along  this  line,  then  it 
cannot  be  very  impracticable  to  make  the  feeder  into  a  canal,  and  the 
cost  of  the  first  construction,  and  the  maintenance  of  this  feeder 
afterward,  can  be  applied  in  the  first  cost  of  the  continuous  canal, 
which  will  be  self- feeding.  Lake  Ontario  may  be  fully  accommodated 
and  its  interests  as  thoroughly  developed  by  a  side  cut,  probably 
through  Oswego  and  the  Oswego  River,  as  it  would  if  all  the  business 
from  the  Upper  Lakes  was  compelled  to  pass  down  to  its  level  and 
then  be  raised  again  over  the  summit. 

With  the  necessary  water  sujaply  reduced  to  a  minimum,  and  it 
takes  much  less  water  for  the  through  business  if  the  unnecessary 
lockage  into  Lake  Ontario  is  avoided,  and  with  the  supply  of  water 
coming  from  a  source  as  constant  and  secure,  and  as  well  situated, 
as  that  of  Lake  Erie,  it  is  plain  that  this  route  deserves  more  atten- 
tion and  consideration  than  it  seems  to  have  received. 
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With  the  work  in  the  hands  of  the  Uuitetl  States  Government,  it  Mr.  Hinds, 
can  certainly  attbrd,  if  it  builds  a  canal,  to  build  the  one  that  is  best 
and  most  desirable  for  the  whole  country,  and  cheapest  and  simplest 
to  operate. 

Elnathan  Sweet,  M.  Am.  Soc.  C.  E.  (liy  letter). — These  papers,  Mr.  Sweet, 
relating  to  the  same  propositions,  and  reaching  similar  conclusions, 
deepen  the  conviction  the  writer  has  held,  ever  since  bringing  this 
subject  to  the  attention  of  the  Society,  in  a  paper  read  at  the  Buffalo 
Convention  in  1884,*  that  no  waterway  built  to  connect  these  waters 
can  hope  to  secure  great  commercial  importance  unless  it  can  accom- 
modate the  largest  vessels  navigating  the  Great  Lakes. 

In  a  communication  to  the  Times,  opposing  the  endorsement  of 
the  proposition  then  before  the  people  of  New  York  to  authorize  the 
expenditure  of  ^9  000  OOl)  for  slightly  enlarging  the  State  canals,  the 
writer  ui'ged  that  "the  expenditure  of  great  sums  of  money  for  so- 
called  improvements  of  the  present  canal  were  to  be  discouraged  as 
wasteful,  and  because  they  tended  to  postpone  the  wise  and  states- 
manlike undertaking  of  a  deep-water  outlet  for  Lake  commerce." 

There  ai-e  three  fundamental  and  controlling  elements  of  advantage 
in  the  deej?  waterway: 

First. —Tlhe  elementary  physical  law,  that  the  resistance  to  motion 
in  vessels  of  like  model  varies  directly  as  their  immersed  surfaces, 
while  their  tonnage  varies  as  the  cubic  contents  of  their  immersed 
section,  ensures  enormous  economy  in  large  boats. 

Second. — The  obvious  and  controlling  advantage  of  passing  from 
terminal  to  terminal  without  transfer  of  cargo. 

Third. — A  large  Heet  adapted  to  the  navigation  of  the  deep  water- 
way already  exists,  while,  to  put  the  smaller  canal  into  operation,  a 
new  marine  equipment  must  be  created,  for  which  there  could  be  little 
use  elsewhere 

Mr.  Wisner  makes  a  very  strong  argument,  showing  the  dispropor- 
tion of  benefit  to  cost  m  the  deepening  of  Lake  channels  and  harbors 
beyond  the  depth  of  21  ft.,  now  in  i^rocess  of  attainment  by  the  Gov- 
ernment engineers.  This  seems  to  the  writer  to  afford  definite  author- 
ity for  fixing  the  depth  of  the  canal,  and,  in  the  light  of  the  extended 
experiments  made  since  1890  in  France  and  Germany  on  the  resistance 
to  traction  in  narrow  channels,  the  writer  thinks  that  the  making  of 
the  wet  cross-section  more  than  five  times  as  great  as  the  midship 
section  of  the  largest  vessel  it  is  intended  to  accommodate,  will  insure 
about  two-thirds  of  the  speed  secured  in  open  water  with  the  same 
expenditure  of  energy;  but  for  economy  of  movement  with  19  ft.  draft 
he  thinks  that  the  proj)osed  form  of  section  should  be  modified  by 
increasing  the  depth  2  ft.  and  narrowing  the  width  sufilciently  to 
secure  the  proposed  sectional  area  of  channels.  He  cannot  share  the 
*  Transactions,  Am.  Soc.  C.  E.,  Vol.  xix,  p.  37. 
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Mr.  Sweet,  sanguine  exiDectation  exj)ressed  by  Mr.  Mayer  as  to  the  volume  of 
tonnage  likely  to  soon  seek  transportation  on  such  a  canal.  Its  chief 
function  will  be  the  transportation  of  freight  destined  for  Atlantic 
ports  and  for  export.  The  ore  and  coal  freights  which  form  so  large 
a  fraction  of  lake  tonnage  cannot,  under  present  conditions,  contribute 
business  to  this  canal. 

It  must  be  remembered  that  the  railroads  are  the  natural  and 
necessary  distributors  of  even  the  coarsest  and  heaviest  freight,  as  their 
side  tracks  reach  the  yards  of  all  large  manufacturers  and  consumers 
throughout  the  country.  A  large  part  of  the  tonnage  received  by 
Lake  at  Buffalo  and  other  Lake  Erie  ports  is  destined  for  distribution 
in  the  interior  of  the  Eastern-Middle  and  New  England  States,  and 
this  freight  will  all  probably  continue  to  be  handled  from  Lake  ports 
by  the  railroads,  for  the  reason  that  the  branch  roads  making  this  dis- 
tribution are  controlled  by  railroads  reaching  these  Lake  Erie  ports, 
and  their  control  of  local  rail  rates  will  enable  them  to  route  this  busi-" 
ness  through  from  these  ports  instead  of  from  points  farther  east  on 
the  canal. 

There  is  a  question  of  public  policy  to  be  considered  as  to  the  effect 
of  withdrawing  so  large  a  j^art  of  the  business  of  the  railroads,  in  which 
so  large  a  part  of  the  capital  of  the  country  is  invested,  upon  their 
earning  capacity  and  the  rates  it  would  be  necessary  for  them  to  impose 
on  their  remaining  traffic. 

Account  should  also  be  taken  of  the  question  whether  all  freights 
may  not  ultimately  be  handled  more  cheaply  by  rail,  in  favor  of 
which  there  are  both  ijractical  results  and  theoretical  considerations. 

The  great  and  uninterrupted  decrease  m  unit-cost  of  railroad 
freight  transportation  during  the  entire  period  since  its  introduction 
may  be  cited  as  the  practical  result,  and  the  fact  that  the  resistance  to 
the  movement  of  rail  freight  varies  directly  as  the  velocity  and  on  ac- 
count of  the  labor  item  is  (within  limits  of  safety  to  track  and  equip- 
ment) cheaper  at  high  than  at  low  sjjeeds,  while  the  resistance  of 
vessels  increases  at  a  rate  greater  than  the  square  of  the  rate  of  speed, 
and  is  absolutely  greater  than  the  rail  resistance  except  at  a  moderate 
rate,  may  be  iirged  as  the  i^rincipal  theoretical  consideration. 

The  fact  that  our  resources  are  growing  so  rapidly,  that  the  Lake 
Region  and  the  line  of  this  canal  furnish  the  most  suitable  field  for  a 
great  export  business  in  heavy  manufactures,  and  that  the  export 
freight  business  is  necessarily  carried  on  by  water,  make  it  probable 
that  both  the  railroads  and  the  canals  will  be  needed  in  a  future  not 
remote,  and  both  be  profitable. 
Mr. Hunter.  W.  Henby  Huntek,*  M.  Inst.  C.  E.  (by  letter).— In  responding  to 
the  invitation  to  take  part  in  the  discussion  of  a  subject  of  such  world- 
wide importance,  the  writer  can  but  express  his  regret  that  lack  of 

*  Chief  Engineer  to  the  Manchester  Ship  Canal;  President  of  the  Manchester  Asso- 
ciation of  Students  of  the  Institution  of  Civil  Engineers. 
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time  and  pressure  of  official  engagements  have  rendered  it  impossible  Mr.  Hunter. 
for  him  to  find  opportunity  for  the  close  and  detailed  study  of  the 
question  which  is  rendered  so  necessary  by  the  great  issues  involved 
in  it,  or  to  grasp  anything  more  than  tlie  outlines  of  the  different 
schemes  which  have  been  propounded;  though  in  this  i^articular  the 
palmers  by  Messrs.  Mayer  and  Wisner  have  been  of  the  greatest  possi- 
ble assistance. 

It  appears  very  clear  to  many  outside  the  boundaries  of  the  United 
States,  that  the  time  has  arrived  in  which  it  is  essential,  even  in  the 
interests  of  their  own  country,  that  the  economists  and  engineers  of 
the  United  States  shoiild  take  more  practical  cognizance  of  the  fact 
that  their  great  Republic  has  an  even  more  important  jjart  to  play  as 
an  integral  portion  of  the  human  family,  than  as  a  more  or  less  self- 
contained  community  (or  concourse  of  communities)  dwelling  alone, 
devoting  itself  to  the  development  of  its  own  resources,  and  the 
advancement  of  its  own  interests,  whether  material  or  moral. 

The  date  of  the  accomplishment  of  the  poet's  dream  of  "The  jDar- 
liament  of  man,  the  federation  of  the  world,"  is  as  far  off  as  ever;  yet, 
of  nations  as  of  individuals,  it  is  true,  and  is  becoming  more  and  more 
apparent,  that  '*  No  one  .  .  .  liveth  to  himself,  and  no  one  dieth 
to  himself,"  for  the  interdependence  of  humanity  is  growing  more 
and  more  pronounced  as  population  increases,  and  as  the  reserves,  in 
the  way  of  uncultivated  i^rairies  and  unwatered  stej^pes,  are  being 
brought  into  use  for  the  benefit  of  man. 

Interdependence  involves  intercommunication:  The  one  is  a  ques- 
tion for  the  economist,  the  other  a  matter  for  the  engineer;  the  present 
danger  is  that  in'each  case  too  narrow  a  view  may  be  taken,  either  of 
the  responsibilities  of  the  position,  or  of  its  j^ossibilities. 

The  problem  of  the  future,  the  not-far- distant  future,  will  resolve 
itself  into  the  broad  question  of  the  supply  of  food  to  the  rapidly 
increasing  masses  of  mankind.  Civilization  is  becoming  effective  at 
last,  and  the  result  is  that  population  is  growing  at  an  unprecedented 
rate,  so  much  so  that  the  academical  question — the  question  of  the 
theorists — of  former  generations,  as  to  the  sufficiency  of  the  earth  for 
the  support  of  her  children,  will  soon  loom  largely  on  the  horizon  of 
practical  politics,  and  men  will  have  to  rouse  themselves  to  deal 
with  it. 

If  this  w^ere  admitted  and  its  significance  realized,  proposals  for  con- 
structing barge  canals,  or  even  ship  canals  of  insignificant  depth, 
between  the  Atlantic  seaboard  and  the  Lakes  which  form  the  natural 
center  of  one  of  the  greatest  food-producing  districts  on  the  earth, 
would  drop  into  the  limbo  of  "lost  causes  ";  the  insufficiency  of  either 
one  or  the  other  would  become  so  manifest. 

The  first  and  greatest  of  the  means  of  intercommunication  on  our 
planet  is  of  Nature's  providing,  is  the  ocean;  whether  in  the  East  or  in 
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Mr.  Hunter,  the  West,  the  sea  is  the  trunk  highway  for  mankind;  and  the  primary 
object  to  be  sought  in  the  projection  of  a  waterway  originating  on  the 
seaboard,  and  consisting,  as  is  generally  the  case,  {a)  of  the  improve- 
ment of  a  river,  [h)  of  the  formation  of  a  canal,  should  be  the  carrying  of 
the  sea  as  far  in,to  the  interior  as  is  reasonably  j^ossible;  for  the  farther 
the  sea  is  carried  into  the  interior,  the  greater  will  be  the  benefit  to  the 
district  aflfected,  and  the  more  marked  will  be  the  ultimate  success  of 
the  waterway. 

The  Manchester  Ship  Canal  furnishes  an  example  of  a  waterway  of 
this  class.  The  terminal  docks  are  50  miles  inland  from  the  coast  line, 
a  distance  which  is  covered  by  15  miles  of  estuarial  and  river  improve- 
ment, and  85  miles  of  canal  construction,  construction  which  was 
carried  out  in  the  midst  of  a  dense  population,  in  the  teeth  of  bitter 
and  prolonged  opposition,  and  in  despite  of  a  crowd  of  ancient  rights 
and  vested  interests,  which  are  always  short-sighted,  inert,  and 
desperately  opposed  to  progress,  but  which,  in  a  country  like  Great 
Britain,  must  be  reckoned  with,  must  in  some  cases  be  conciliated,  in 
others  coerced.  Either  process  costs  money,  hence  the  Manchester 
Canal  cost  more  than  it  should  have  cost,  to  which  cause,  added  to 
that  presented  by  the  obstructions  thrown  in  the  way  of  its  working 
by  the  same  vested  interests,  is  due  the  fact  that  up  to  the  present 
time  it  has  returned  no  reward  in  the  shape  of  dividend  to  its  original 
shareholders. 

This  fact  had  led  pessimistic  persons  to  the  conclusion  that  the 
canal  has  failed  in  the  accomplishment  of  the  purpose  for  which  it  was 
promoted  and  constructed.  There  never  was  a  greater  fallacy,  a 
greater  error.  A  prominent  jjublic  man  in  Manchester,*  the  head  of 
one  of  the  largest  manufacturing  firms  in  England,  has  declared  again 
and  again,  and  has  met  with  no  one  bold  enough  to  deny  his  proposi- 
tion, that  the  citizens  of  Manchester  are  receiving  more  than  20^?^  per 
anniim  for  the  .$25  000  000  which  the  city  invested  in  the  canal,  Avhile 
directly  and  indirectly  the  canal  has  influenced  for  good  a  district  in 
which  the  population  is  more  dense  than  in  any  other  on  the  face  of 
the  globe,  and  has  sensibly  advanced  the  welfare  of  some  10  000  000 
human  beings  At  the  same  time  trade  is  growing,  developments  are 
accruing,  terminal  facilities  are  being  increased  and  extended,  and  the 
cost  of  handling  traffic  diminished  to  such  a  degree  that  there  is  every 
prospect  of  a  return  being  made  ultimately,  even  to  the  patriotic  share- 
holders who  j)ut  their  money  into  the  undertaking. 

The  depth  to  which  the  Manchester  Ship  Canal  was  constructed 
was  26  ft.,  but  the  sills  of  all  the  locks  were  pat  down  to  28  ft. 
Steamers  of  a  dead-weight  capacity  of  10  000  tons  are  now  traversing 
the  canal  regularly,  and  others,  still  larger,  are  projected.  Thus  it  is 
clear  that  the  deej)ening  of  the  waterway  to  28  ft.  will  have  to  be  taken 
*  Mr.  Reuben  Spencer,  the  head  of  the  firm  of  John  Rylands  &  Co. 
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in  hand  at  no  distant  date,  for  the  course  of  trade  is  now  such  that  Mr.  Hunter, 
large   steamers   can   run    and    prove   themselves   profitable  to   their 
owners,  where  small  or  cven  moderate-sized  vessels  cannot  live. 

Applying  this  experience  to  the  case  under  discussion,  which  is 
really  not  one  of  carrying  the  sea  inland,  so  much  as  it  is  one  of  join- 
ing two  seas,  or,  in  other  words,  of  severing  an  isthmus,  it  would 
appear  that  a  dead-weight  capacity  of  8  600  tons  for  the  ocean-going 
steamers  proposed  to  be  sent  on,  via  the  new  waterway,  to  Chicago, 
would  be  insufficient.  Such  steamers  woiild  hardly  compete  now  with 
the  large  and  improved  boats  which  are  continiially  being  launched, 
and  in  twenty  years' time  they  would  be  altogether  out  of  the  running. 
If  the  canal  were  formed  with  a  depth  of  24  ft.  in  the  tirst  instance,  and 
all  lock  sills,  syphons,  and  other  works  which  would  limit  the  possi- 
bility of  future  deepening,  were  put  down  to  30  ft.,  it  is  probable  that 
the  waterway  would  meet  the  world's  needs  for  the  next  half  century, 
which  is  all  that  can  be  required. 

The  regulation  siaeed  of  vessels  on  the  Manchester  Canal  is,  as 
stated  by  Mr.  Wisner,  6  miles  per  hour,  but  licenses  are  issued  to 
steamers  jjermitting  them  to  run  at  the  rate  of  8  miles,  as  experience 
has  proved  that  at  this  speed  no  sensible  amount  of  injury  is  caused  to 
the  baaks  by  wash;  the  licenses  are,  therefore,  granted  as  a  matter  of 
course,  there  having  been  only  one  instance  in  which  the  writer  has 
had  to  refuse  his  consent  to  the  issue,  and  that  was  in  the  case  of  a 
large  paddle  steamer  (an  undesirable  craft  on  a  canal),  which  was 
already  really  running  at  the  rate  of  over  8  and  wanted  to  run  10  miles 
per  hour.  There  need,  therefore,  be  no  apprehension  as  to  the  safety 
of  the  estimate  of  8  miles  jier  hour  as  the  average  speed  of  large 
steamers  on  the  proijosed  Lakes  Canal. 

The  writer  would  like  to  add  one  observation  in  respect  of  the 
argument  that  if  the  Lakes  Canal  were  really  required  "the  play  of 
economic  forces  "  would  be  sufficient  to  bring  about  its  construction. 
The  economic  theories— or  principles,  if  the  word  is  preferred— of  one 
age  become  the  fallacies  of  another,  as  life  becomes  more  complex,  and 
the  interdependence,  to  which  reference  has  already  been  made, 
grows  more  comi)lete.  From  this  proposition,  if  sound,  it  follows  that 
strict  adherence  to  theories  as  to  demand  and  su^jply,  as  if  these 
theories  were  natural  laws  which  could  not  be  broken  with  impunity, 
would  inevitably  arrest  the  advance  of  civilization  and  the  progress  of 
the  human  race. 

The  ordinary  investor,  as  such,  is  neither  a  philanthropist  nor  a 
patriot — he  does  not  think— nor  indeed  is  it  possible  for  him  to  think, 
except  in  a  secondary  way,  of  the  good  of  mankind,  of  which  he  is  a 
part,  or  of  the  welfare  of  the  State,  of  which  he  is  a  subject.  On  the  con- 
trary, his  operations  are  governed  wholly  by  the  prospect  of  return  for 
his  investment  in  the  form  of  interest  upon  his  capital.     It  is  clear, 
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Mr.  Hunter,  tlierefore,  (1)  tliat  public  works  of  tire  first  magnitude  — arterial  lines 
of  communication  and  the  like —which  are,  in  the  first  jjlace,  for  the 
jjublic  benefit,  can  present  little  of  attractiveness  to  the  investor,  (2) 
that  such  works  will  never  be  made  out  of  private  money  (any  more 
than  ironclad  line-of-battle  shijas  can  be  built,  or  coast  defenses  con- 
structed, out  of  private  money),  and  (8)  that,  as  it  cannot  be  denied  that 
they  are  a  necessity  for  the  public  welfare,  the  public,  that  is  to  say, 
the  State,  must  of  necessity  provide  the  funds  required  for  their  con- 
struction and  equipment;  and  this  despite  the  instinctive  tendency  of 
the  Anglo-Saxon  race  to  depend  in  these  matters  upon  private  enter- 
jirise  rather  than  upon  governmental  energy. 

In  the  opinion  of  the  writer,  the  advantages,  direct  and  indirect, 
which  woiild  accrue  to  the  citizens  of  the  United  States  from  the  con- 
struction of  the  canal  between  New  York  and  the  Great  Lakes  would  be 
so  profound  and  far  reaching,  and  the  increase  of  the  prosperity  of  the 
community  would  be  so  marked  that  the  Central  Government  would  be 
justified  in  forming  the  canal  and  in  throwing  it  open  to  the. trade  of 
the  world  at  the  smallest  possible  toll  charge;  he  claims  that  the  case 
of  the  Manchester  Ship  Canal,  and  of  the  benefit  which  its  working- 
has  been  pi-oved  to  have  conferred  upon  the  greatest  manufacturing- 
district  on  earth,  furnishes  a  firm  basis  for  this  opinion,  and  he 
desires  to  thank  the  American  Society  of  Civil  Engineers  and  the 
authors  of  the  pajjers  under  discussion  for  affording  him  an  oppor- 
tunity of  expressing  it. 
Mr.  Hoech.  Theodok  G.  Hoech,  M.  Am.  Soc.  C.  E.  (by  letter). — The  report  of 
the  New  York  Canal  Commission  on  a  barge  canal  of  12  ft.  depth,  and 
other  studies  of  improved  waterways  between  the  Great  Lakes  and  the 
metroi^olis  on  the  Hudson  Eiver,  after  the  able  report  of  Major 
Symons  recommending  a  barge  canal  12  ft.  deep,  cannot  fail  to  jirove, 
even  to  a  distant  observer,  the  growing  interest  of  the  engineering 
jarofession  in  an  improved  waterway,  and  at  the  same  time  a  sentiment 
for  greater  dimensions  for  this  modern  canal. 

Not  being  able  to  check  the  figures  presented,  the  writer  may  be 
allowed  to  point  out  some  commercial  features  of  North  America's 
Atlantic  slope  affecting  inland  navigation. 

The  commercial  power  of  the  City  of  New  York  seems  to  be  so 
great  that  the  exporting  merchants  do  not  think  of  running  ocean 
steamers  up  the  Hudson  River  with  the  flood  current  to  meet  the  canal 
boats  as  far  inland  as  jjossible,  as  is  the  case  in  several  Euroi^ean  rivers. 
One  could  figure  out,  however,  that  the  cheapest  way  of  exporting 
western  goods  would  be  to  cari'y  them  by  barges  or  lake  steamers, 
say,  to  the  Hudson,  and  to  transfer  them  there  into  large  transat- 
lantic steamers.  It  is  to  be  considered  a  silent  but  great  compliment 
to  the  harbor  of  New  York  that  nobody  advocates  this  waterway  sys- 
tem, promising  the  cheapest  rates  from  West  to  transatlantic  ports. 
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New  York's  attractive  and  accumulatiug  power  seems  also  to  Lave  Mr.  Hoech. 
prevented  the  commerce  from  passing  in  greater  degree  through  the 
Canadian  canals  of  14  ft.  depth. 

That  dominant  position  of  New  York  wdll,  of  course,  be  of  deciding 
effect  on  the  final  solution  of  the  waterway  question,  and  the  fact 
should  not  be  overlooked  that  with  a  ship  canal  ocean  steamers 
would  pass  the  metroi^olis  of  the  Atlantic  Coast,  and  allow  European 
freighters  to  run  into  the  Great  Lakes  as  far  as  Duluth,  and  take  the 
grain  of  the  West  to  Europe,  without  transfer  and  harbor  expenses. 
It  does  not  seem  likely  that  New  Y''ork  will  part  with  the  many  petty 
charges  and  profits  derived  from  distributing  and  transferring  goods. 

One  may  safely  presume  that  the  City  and  the  State  of  New  York 
will  construct  a  waterway  satisfactory  to  their  interests,  which  com- 
mercially will  be  of  the  same  kind  as  the  old  Erie  Canal — and  Avill 
strengthen  still  more  the  great  center  on  the  Atlantic  Coast.  It  is 
important  to  the  city  that  all  transfers  between  the  Lake  harbors  and 
New  York  should  be  done  away  with,  while  retaining  the  transfer  busi- 
ness, and  this  condition  can  be  satisfied  by  a  large  barge  canal. 

In  Germany,  the  number  of  barges— Seeleichter^s  growing  rap- 
idly, and  these  barges  run  safely  from  the  Ehine  and  the  Dortmund- 
Ems  Canal  through  the  German  Sea,  and  the  Kaiser  Wilhelm  Ship 
Canal  to  the  Baltic  Sea — the  Great  Lake  of  Northern  Europe.  Besides 
these  towed  barges,  twenty-five  small  steamers  are  running  regularly 
from  Koeln  on  the  Ehine  to  London,  Hamburg,  Dantzig,  etc. 

The  growing  sentiment  for  greater  dimensions  for  new  canals  may, 
in  the  writer's  opinion,  lead  to  a  barge  canal  of  14  ft.  depth,  after 
some  further  discussion.  This  woiild  give  a  fair  field  for  competition 
and  comparison  between  small  freight  steamers  and  large  barges,  and 
the  results  would  be  watched  with  great  interest  everywhere. 

The  advantages  of  a  14-ft.  barge  canal,  which  woiild  take  care  of 
the  business  concerned  for  some  time,  may  be  stated  as  follows : 

First,  it  would  mean  a  gi-eat  step  in  advance  without  changing  the 
commercial  position  fundamentally,  and  the  canal  itself  could  be  con- 
structed in  two  parts:  With  a  decider  canal  from  the  Mohawk  Valley 
to  Lake  Ontario  in  oiieration,  steamers  and  barges  could  make  use  of 
the  Welland  Canal,  allowing  the  time  for  building  the  Niagara  Canal 
and  the  fleet  of  standard  vessels. 

Secondly,  the  fleets  of  steamers  and  barges  would  be  enhanced  in 
value  on  account  of  the  two  outlets  to  the  ocean,  and  even  a  third  one 
from  Chicago  to  New  Orleans,  which  can  be  hoped  for. 

Without  strong  reasons  for  a  change,  the  dimensions  of  neighbor- 
ing waterways,  even  when  a  little  less  profitable,  should  be  accepted. 
The  Canadian  canals  may  keep  their  present  dimensions  for  many 
years  to  come,  and  the  ship  canal  from  Chicago  to  New  Orleans  may 
not  come  at  all,  for  two  reasons.     After  a  shija  canal  is  built  from  the 
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Mr.  Hoech.  Great  Lakes  to  the  Atlantic  Coast,  no  second  ship  canal  would  be 
needed  to  the  Gulf,  for  no  ocean  steamer  woiild  choose  such  a  long 
inland  waterway  in  competition  with  cheap  river  steamers  and  still 
cheaper  barges.  But  a  deep  barge  canal  from  Lake  Michigan  to  the 
Mississippi,  and  another  one  from  Lake  Erie  to  the  Ohio  River,  would 
form,  with  the  Canadian  and  the  New  York  canals,  a  great  system  of 
uniform  waterways  opening  half  a  continent  to  steamers  and  barges  of 
standard  dimensions. 
Mr.  Noble.  Alfked  Noble,  M.  Am.  Soc.  C.  E.  (by  letter).— The  time  required 
for  the  passage  of  a  shiji  through  the  proposed  Deep  Waterway  is  per- 
hajjs  as  likely  to  provoke  discussion  as  any  point  in  Mr.  Wisner's 
paper.  The  writer,  having  taken  part  in  the  investigation  from  which 
Mr.  Wisner's  conclusion  resulted,  will  present  an  outline  of  it. 

The  movement  of  a  ship  through  the  artificial  channels  of  the  Deep 
Waterway  would  be  obstructed  by  two  different  sets  of  causes:  1st.  Re- 
duction of  speed  due  to  the  restricted  dimensions  and  curvature  of  the 
waterway  and  the  meeting  of  ships  therein;  and  2d,  delays  for  passage 
of  locks. 

Any  restriction  in  a  waterway,  whether  of  depth  or  width,  will 
cause  a  reduction  in  the  speed  of  a  ship  passing  through  it.  Lake  St. 
Clair  furnishes  an  example  of  a  waterway  where  the  restricted  dimen- 
sion is  depth,  the  width  being  several  miles.  The  logs  of  two  ships, 
each  loaded  to  within  2  ft.  of  the  bottom  of  this  lake,  showed  a  reduc- 
tion of  sjaeed  of  16  to  18%*,  as  compared  with  the  speed  of  the  same 
shijjs  in  the  deep  water  of  Lake  Huron.  While  data  on  this  point  are 
not  as  numerous  as  might  be  desired,  it  was  believed  to  be  on  the  safe 
side  to  assume  a  reduction  of  20%",  which  was  adopted  in  the  investi- 
gation referred  to.  New  data,  collected  since  the  close  of  the  investi- 
gation, confirm  those  used. 

If  the  width  of  the  waterway  is  also  restricted,  new  retai-ding  con- 
ditions result.  When  the  ship  moves  forward  its  length,  a  volume  of 
water  equal  to  its  displacement  jiasses  between  the  ship  and  the  bot- 
tom and  sides  of  the  waterway  to  maintain  the  water  level,  creating  a 
back  current.  If  the  speed  of  the  ship  through  the  water  remains  the 
same  as  in  wide,  shoal  water,  its  speed  past  a  fixed  land  point  will  be 
reduced  by  the  speed  of  the  back  current.  In  the  investigation  this 
reduction  was  made,  although  the  amount  appeared  to  be  somewhat 
excessive,  because,  in  the  first  place,  the  proper  rediiction  was  already 
in  part  provided  for  by  the  adopted  reduction  of  20%  for  the  effect  of 
shoal  water,  and,  in  the  second  place,  because  the  amount  of  water 
transferred  from  the  bow  of  the  ship  to  the  stern  was  calculated  as  the 
product  of  its  midship  section  by  its  length,  without  allowing  for  the 
reduced  sections  near  the  bow  and  stern.  The  calculated  back  flow 
was  therefore  too  great,  and  the  reduction  of  the  speed  of  the  shij)  as 
taken  was  too  great. 
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To  create  the  back  flow  and  maiutain  it  past  the  ship  requires  a  Mr.  Noble. 
head  of  water  which  opposes  the  movement  of  the  ship.     This,  how- 
ever, the  investigation  showed  to  be  unimportant  in  the  wide  channel 
adopted  for  the  waterway  and  with  the  speeds  to  be  jsermitted  in  it. 

These  reductions  of  speed  were  applied  in  the  case  of  a  ship  having 
a  speed  of  12J  miles  per  hour  in  the  deep,  open  lake,  resulting  in 
speeds,  with  the  same  expenditure  of  power,  varying  from  8.2  miles  per 
hour,  in  the  ordinary  section  215  ft.  wide  at  the  bottom,  to  9.5  miles 
per  hour  in  a  channel  1  000  ft.  wide  at  the  bottom. 

An  investigation  of  this  kind  must  be  supported  by  expei'ience,  to  be 
trustworthy,  and  therefore  the  actual  movement  of  ships  in  other  canals 
was  examined  with  great  care. 

Manchester  CfwaZ.— The  bottom  width  is  120  ft.,  the  depth  26  ft., 
and  the  cross-section  is  about  4  400  sq.  ft.  in  earth  sections.  In  a 
paper  presented  to  the  Vllth  International  Congress  on  Navigation, 
in  1898,  the  Chief  Engineer,  Mr.  W.  H.  Hunter,  gave  the  dimensions 
of  a  number  of  vessels  which  traversed  the  canal  at  sjoeeds  varying 
from  7.3  to  13.6  miles  per  hour.  The  slower  rate  was  for  a  ship  255.3 
ft.  long,  33.7  ft.  beam,  drawing  17.6  ft.  The  largest  ships  traversing 
the  canal  are  about  450  ft.  long  and  50  ft.  beam.  The  writer  accom- 
panied one  of  the  ships  for  several  miles  and  carefully  noted  its  speed. 
It  was  loaded  to  within  a  few  inches  of  the  canal  bottom,  and  there- 
fore steered  badly,  requiring  the  aid  of  tugs,  biit  the  sjieed  reached  6 
miles  per  hour.  In  the  consideration  of  the  permissible  speed  in  a 
waterway,  either  from  a  theoretical  or  practical  standpoint,  the  ratio 
of  the  area  of  the  ship's  immersed  cross-section  to  that  of  the  water,  is 
a  controlling  feature.  In  the  case  of  the  ship  just  mentioned  the  area 
of  the  cross-section  of  the  waterway  was  3.7  times  the  immersed  cross- 
section  of  the  ship.     This  ratio  will  be  designated  r. 

Suez  Canal. — When  opened,  and  for  many  years  afterward,  the 
bottom  width  of  the  Suez  Canal  was  72  ft.,and  ships  were  permitted  to 
move  at  the  rate  of  6.2  miles  per  hour.  The  value  of  r  for  the  larger 
ships  was  probably  a  little  greater  than  3.  The  bottom  width  of  the 
standard  section  of  the  Deep  Waterway  is  almost  exactly  three 
times  as  much,  and  the  cross-section  of  the  largest  ships  traversing 
it  will  probably  not  be  as  great.  If  the  comparison  be  made  by 
means  of  the  ratio  r,  its  value  for  the  largest  shij^s  expected  in  the 
Deep  Waterway  will  be  5.5,  instead  of  3,  as  at  Suez.  Whether  the 
comparison  of  these  ratios,  or  of  bottom  widths,  be  made,  a  speed 
of  8.2  miles  jaer  hour  in  the  Deep  Waterway  will  apj^ear  to  be  much 
safer  than  one  of  6.2  miles  in  the  Suez  Canal. 

As  to  the  practicable  rate  of  speed  and  degree  of  security  attain- 
able in  an  artificial  waterway,  no  better  example  can  be  cited  than  the 
St.  Clair  Flats  Canal,  where  serious  accidents  seldom  or  never  occur. 
This  is  believed  to  be  the  most  crowded  waterway  in  the  world.     The 
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Mr.  Noble,  maximum  speed  permitted  by  regulations  is  8  miles  per  hour,  but  the 
largest  freight  steamers  frequently  pass  at  a  higher  rate;  the  largest 
passenger  ships  attain  a  rate  of  11  to  13  miles  per  hour  and  a  speed  of 
15.4  miles  jser  hour  is  of  record. 

With  these  examples  in  view,  the  s j)eed  of  8. 2  miles  per  hour  in  a 
straight  waterway  of  215  ft.  bottom  width  appears  moderate.  The 
width  is  to  be  increased  on  all  curves  of  less  than  12  000  ft.  radius, 
the  widening  being  1  ft.  for  each  rediiction  of  200  ft.  in  the  radius.  A 
reduction  of  permissible  speed,  equal  in  miles  j)er  hour  to 

1.5  X  degree  of  curve, 
is  made  in  the  standard  canal  section,  the  reduction  being  reduced 
where  the  bottom  width  is  greater.     While  this  allowance  is  purely 
arbitrary,  it  is  believed  to  be  sufficient. 

In  the  Suez,  and  other  very  narrow  waterways,  one  of  two  meeting 
ships  ties  up.  This  is  not  found  necessary  in  the  artificial  channels  in 
the  Great  Lakes  system,  but  the  speed  of  both  ships  is  reduced.  In  the 
300-ft.  channels  of  the  St.  Mary's  River,  where  the  channel  banks  are 
submerged,  the  regulations  provide  that  the  speed  of  both  ships  shall 
be  reduced  to  0  miles  from  a  periuitted  speed  of  9,  and,  excepting  in 
special  localities  where  the  current  is  very  strong,  this  has  been  found 
sufficient.  In  the  somewhat  narrower  channel  of  the  Deep  Waterway 
the  assumed  reduction  of  speed  is  to  about  4  miles  per  hour.  The 
number  of  meetings  is  deduced  from  an  assumed  traffic  of  25  000  00(1 
registered  tons  annually  carried  in  ships  averaging  2  500  tons  net  reg- 
ister, or  10  000  ships  per  year.  This  discussion  thus  far  relates  to 
channels  in  earth.  Objection  may  be  made  that  in  channels  in  rock 
with  rough  sides  such  speeds  would  be  dangerous.  The  rej^ly  to  this 
would  be  that  no  such  channels  are  contemplated.  In  rock  the  bottom 
width  is  to  be  increased  and  the  sides  made  vertical,  by  channeling 
machines  where  the  rock  is  sound,  and  by  retaining  walls  where  these 
are  necessary. 

The  delays  at  locks  will  not  be  discussed  here  in  like  detail; 
briefly,  the  allowance  for  these  delays  is  based  on  ample  experience 
at  the  St.  Mary's  Falls  Canal  in  the  movement  of  ships  and  the  other 
operations  of  locking.  In  addition  to  this  a  considerable  period  has 
been  allowed  arbitrarily  for  delays  at  lake  points  where,  after  storms, 
vessels  may  occasionally  arrive  more  rapidly  than  they  can  be  passed 
through  the  next  lock,  and  for  smaller  delays  at  each  intermediate 
lock. 

In  designing  this  waterway  the  view  has  prevailed  that  it  would  not 
be  worth  making  unless  it  were  adapted  to  more  speedy  navigation 
than  the  principal  foreign  canals.  A  much  wider  prism  and  better 
lock  facilities  are  therefore  provided,  and  it  is  confidently  beHeved 
that  the  estimates  of  time  required  for  passage  through  it  will  stand 
investigation. 
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Lewis  M.  Haupt,   M.   Am.   Soc.   C.  E.    (by  letter].— These  papers  Mr.  Haupt. 
open  up  a  broad  field  for  discussion,  not    only  in   engineering  and 
economies,  btit  in  administration  and  statecraft. 

Mr.  Randolph's  siiccinct  discussion  contain^  much  in  little,  and  is 
certainly  a  sagacious  compromise,  as  it  makes  provision  for  the  pro- 
gressive expansion  of  the  capacity  of  the  -waterway. 

Experience  has  invariably  demonstrated  the  inadequacy  of  rigid 
dimensions  to  keep  pace  with  the  growing  demands  of  commerce  and 
the  necessity  of  a  flexibility  which  will  adapt  itself  to  the  rapid  growth 
of  tonnage. 

As  early  as  1847  (before  the  Sault  Canal  was  seriously  thought  of) 
the  late  J.  J.  Abert,  Hon.  M.  Am.  Soc.  C.  E.,  Colonel,  U.  S.  Topo- 
graphical Engineers,  discussed  the  "Probable  Increase  "  of  the  Lake 
trade,  in  an  official  report  to  Mr.  Marcy,  Secretary  of  "War,  in  which  he 
said  :* 

"  It  is  difficult  to  approach  this  part  of  the  inquiry  without  fear  of 
appearing  to  exaggerate.  Those  who  knew  these  Lakes  thirty  years 
ago,  and  who  know  them  now,  will  admit  that  existing  facts  have 
baffled  human  exijectations,  and  that  the  wildest  speculations  of  the 
imagination  have  been  more  than  realized  in  the  vast  increase  of  their 
commerce.  Then,  if  we  examine  into  the  elements  of  this  increase,  we 
can  jjerceive  no  reason  to  doubt  a  less  energetic  action  of  these  ele- 
ments, for  many  years  to  come,  than  has  been  realized  in  the  past." 

That  this  forecast  has  been  fully  justified  by  subsequent  events  is 
confirmed  by  the  statements  of  General  O.  M.  Poe,  whose  investiga- 
tions of  the  tonnage  through  the  Lakes  well  qualified  him  to  state  the 
facts.     He  said: 

"For  thirty-five  years  I  have  watched  the  increase  of  the  Great 
Lakes  commerce,  but  neither  I  nor  anyone  else  has  been  able  to 
expand  in  ideas  at  the  same  rate.  The  wildest  expectations  of  one 
year  seem  absurdly  tame  by  the  side  of  the  actual  facts  of  the 
next." 

In  view  of  this  experience,  it  is  somewhat  surjarising  to  read  that  so 
keen  a  statesman  as  Henry  Clay  opposed  Hon.  John  Norvell's  motion 
to  construct  this  canal,  in  1840,  by  the  statement  that  it  was  "  a  work 
beyond  the  remotest  settlement  in  the  United  States,  if  not  in  the 
moon." 

Henry  Clay  evidently  did  not  know  of  the  latent  resources  of  the 
Lake  basin,  nor  the  relative  economies  of  water  transportation — and 
even  at  the  present  time  there  is  much  misunderstanding  as  to  the 
effect  iipon  our  industrial  growth  due  to  increased  facilities. 

It  is  well  known  that  transportation  seeks  the  line  of  least  resist- 
ance (as  measured  by  the  total  cost  from  mine  to  market).  Tolls, 
transfer  and  terminal  charges  are  as  much  an  element  of  diversion  as 
are  i>hysical  obstacles.  The  Carnegie  (Jomi^any  is  now  making  efforts 
to  ship  direct   from  Lake  ports  via   the  Welland  and  St.  Lawrence 

*  Ex.  Doc.  No.  19.    Thirtieth  Congress.    H.  of  Rep.,  First  Session,  Jan.  12th,  1848. 
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Mr.  Haupt.  Canals,  after  making  the  overland  portage  by  rail.  Were  the  Lake 
Erie  and  Ohio  Kiver  Ship  Canal  opened  it  would  not  only  greatly 
facilitate  this  movement,  but  it  would  also  augment  the  coal  tonnage 
to  Eastern  Atlantic  jjorts,  and  hence  it  would  seem  to  be  unwise  not 
to  make  provision  in  the  dimensions  of  the  canal  for  not  less  than 
between  1.5  000  000  and  20  000  000  cargo-tons  soon  after  its  opening  to 
tidewater.  There  is,  no  doiibt,  much  truth  in  the  contention  of 
Major  Symons,  that  it  the  freight  once  reached  Lake  Ontario  it 
would  not  lock  up  over  a  high  divide  and  longer  roiite  to  maintain  the 
City  of  New  York  as  a  commercial  terminus,  but  would  be  switched 
o&  via  the  Montreal  route;  but,  at  the  same  time,  that  would  seem  to 
be  no  reason  for  denying  to  the  densely  peopled  manufacturing  and 
productive  agricultural  districts  tributary  to  the  Lakes  the  advantages 
of  lower  rates  and  more  extensive  markets.  New  York  City  is  not  the 
United  States,  and  if  that  city  may  not  share  in  the  benefits  (which 
the  writer  does  not  admit  Avould  happen),  other  sections  should  not 
be  debarred  from  such  advantages. 

It  is  said  that  "if  built  by  the  United  States,  the  benefits  should 
all  accrue  to  the  United  States;"  and,  again,  "its  benefits  should 
accrue  only  to  the  United  States.''  The  only  route  which  permits  this 
is  that  "along  the  line  of  the  present  Erie  Canal,"  and  hence  the 
prism  of  lesser  dimensions,  with  a  barge  system  of  carriers,  is  urged. 

But  can  the  beneficent  influences  of  a  canal  or  cheai)  water  route 
be  restricted  to  any  country?  Do  not  the  waterways  of  France  and 
Germany  enable  our  exports  and  their  imports  to  jaermeate  every 
avenue  of  trade,  and  siipply  points  not  otherwise  accessible  at  the 
same  rates,  to  the  benefit  of  our  producers?  If  our  shortest  and 
cheapest  route  to  our  foreign  markets  lies  through  Canadian  waters, 
is  there  any  reason  why  our  producers  should  not  utilize  them  rather 
than  pay  for  transfers  and  storage  at  both  ends  of  a  broken  and 
circuitous  route? 

It  should  also  be  noted  that  the  staple  products  of  a  State  tributary 
to  a  deep  water  route  are  quoted  higher  than  those  at  remote  points 
and  which  require  transhipments,  so  that  the  producer  reaps  the 
benefit  of  the  cheaper  route,  while  the  consumer  also  buys  at  a  lower 
l^rice  because  of  the  economy  in  cost  of  carriage. 

Money  siJent  in  the  maintenance  of  an  expensive  system  requiring, 
say,  60,'V  of  the  gross  income  for  operation  when  one  is  available  which 
can  be  maintained  and  oiJerated  for  one-half  or  one-third  this  cost,  is 
extravagant.  It  has  been  estimated  by  Stevenson  that  the  value  of  a 
commercial  channel  varies  as  the  cube  of  the  de]Dth,  while  the  economy 
of  bulk  movemeats  is  fully  sustained  by  the  rapid  increase  in  the  size 
of  ocean  freighters  and  the  demand  for  dee^jer  channels  to  carry  them. 

Many  minor  questions  suggest  themselves,  as  speed,  ratio  of  beam 
dimension  to  section  of  canal  trunk,  number  of  trips  per  annum,  cost 


Papers  [DISCUSSION:  CANALS  FROM  THE  LAKES  TO  NEW  YORK.    1239 

of  plant  for  a  given  touuage  movement,  etc.,  which  have  been  more  or  Mr.  Haupt. 
less  fully  treated  at  the  Navigation  Congresses  and  by  .the  members  of 
this  Society,  so  that  it  is  not  desirable  to  review  them  here,  as  the  in- 
tention of  the  writer  is  merely  to  emphasize  the  need  of  making  early 
IJrovision  for  the  largest  movement,  in  view  of  the  rapid  increase  of 
pojiiilation  and  traffic  in  sight. 

It  does  not  appear  to  be  appreciated  that  by  the  year  1930  our 
pojiulatiou  will  have  almost  doubled,  and  that  we  are  increasing  three 
times  more  rapidly  than  any  of  the  civilized  nations  of  the  world 
whose  statistics  are  available  to  the  writer.  Ordinary  prudence 
would  therefore  demand  that  early  provision  be  made  to  maintain  our 
freedom  of  internal  circulation,  and  the  creation  of  external  markets  to 
provide  employment  for  the  next  generation,  and  prevent  degenera- 
tion and  distress. 

During  the  past  century  each  decennial  ratio  has  shown  an  average 
decrease  of  vii^,-  of  the  preceding  ratio,  yet  the  actual  numerical 
increase  of  population  has  gone  on  in  a  geometrical  ratio.  The 
increase  during  the  past  decade,  for  example,  was  nearly  14  000  000, 
or  more  than  the  entire  increase  from  the  discovery  of  America  to  1830, 
and  between  1920  and  1930  the  increase  should  be  about  25  000  000 
souls.  Another  factor  which  will  augment  greatly  the  commerce 
through  the  enlarged  canal  will  be  the  opening  of  the  link  between 
Chicago  and  the  Mississijipi  River,  now  being  urged  by  the  Illinois 
River  Valley  Association,  thus  bringing  the  waterways  of  the  Great 
Basin  into  unison  with  those  of  the  Lakes  during  the  season  of  navi- 
gation. This  is  not  so  remote  as  was  the  Sault  Canal  in  1840,  and  it 
is  one  of  the  great  and  urgent  improvements  required  by  the  present 
generation,  and  which  will  promote  the  future  of  our  great  Republic. 
Let  the  American  Society  of  Civil  Engineers  be  found  in  the  forefront 
of  all  these  great  movements  to  develop  our  commerce. 
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By  J.  W.  ScHAUB,  M.  Am.  Soc.  C.  E. 


Mr.  Schaub.  J.  W.  ScHAUB,  M.  Am.  Soc.  C.  E.  (by  letter). — The  writer  wishes  to 
call  attention  to  the  author's  method  of  proportioning  the  intermedi- 
ate stiffeners  to  carry  the  shear  on  the  web  of  a  girder.  This  is  the 
usual  method  of  proportioning  for  stifleners,  but  it  can  be  shown  that, 
if,  in  some  way,  the  load  can  be  put  into  the  web,  no  stiflfeners  what- 
ever will  be  required,  except,  of  course,  the  end  stifleners.  This  is 
contrary  to  all  accepted  theories  of  web  stresses,  but  a  little  experi- 
ment can  be  made  to  demonstrate  it. 

The  following  experiment  was  made  by  the  writerf  before  the 
Western  Society  of  Engineers,  October  10th,  1900: 

Make  a  plate-girder  model  of  drawing  paper,  about  1.5  ins.  long  and 
3  ins.  deep,  with  two  flange  angles  at  the  top  and  bottom,  and  let  the 
web  of  the  girder  project  below  the  bottom  flange  angles,  so  that  the 
loads  can  be  suspended  by  means  of  hangers  attached  to  the  project- 
ing web.     Now  support  the  girder  at  the  ends  and  support  the  top 

*This  discussion  (of  the  paper  by  E.  Schmitt,  Assoc.  M.  Am.  Soc.  C.  E.,  printed  in 
Proceedings  for  November,  1900)  is  printed  in  Proceedings  in  order  that  the  views  ex- 
pressed may  be  brought  before  all  members  of  the  Society  for  further  discussion. 

Communications  on  this  subject  received  pi-ior  to  January  3Gth,  1901,  will  be  printed 
in  a  later  number  of  Proceedings,  and  subsequently  the  whole  discussion  will  be  pub- 
lislied  in  TranMictions. 

t"  Proposed  Specifications  for  Steel  Railroad  Bridges,"  Journal,  Western  Society  of 
Engineers,  October,  1900. 
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flange  against  crippling  sideways.  It  will  be  found  that  loads  which  Mr.  Scimub. 
can  be  suspended  from  the  hangers  with  perfect  safety  cannot  be  placed 
on  top  of  the  girder  without  buckling  the  web.  Moreover,  the  web 
will  stiifen  up  at  once,  and  it  will  be  found  that,  although  the  web  is 
already  carrying  the  susjaended  loads,  additional  loads  can  now  be 
placed  on  top  of  the  girder  and  the  web  will  not  buckle.  It  follows, 
then,  that  after  the  load  is  put  into  the  web,  the  web  is  actually  stiflfer 
than  it  was  before;  so  that  stiffeners  need  only  be  provided  to  get  the 
load  into  the  web,  and  not  to  carry  the  maximum  shear  at  any  jioint. 
Would  it  not  be  more  rational,  then,  to  proportion  the  intermediate 
stiffeners  to  carry  only  the  maximum  concentrated  load  at  any  point, 
rather  than  the  maximum  shear? 

With  this  experiment  in  view,  the  writer  has  specified,  in  a  specifi- 
cation just  issued  for  a  western  railroad,  as  follows: 

"  Intermediate  stifleuers  shall  be  provided  for,  as  struts  carrying 
the  maximum  concentrated  load  at  any  point,  including  impact,  when- 
ever the  clear  width  between  flanges  exceeds  50  times  the  thickness  of 
the  web,  and  they  shall  be  sj^aced  at  intervals  of  about  the  depth  of 
the  girder.  End  stiff"eners  shall  be  provided  to  carry  the  maximum 
end  shear',  including  impact." 

This  method  is  certainly  very  simple.  For  through  plate-girders 
provision  need  be  made  for  intermediate  stifi'eners  only  to  attach  the 
floor  system  to  the  web,  and  between  the  floor  beams,  or  panel  jjoints, 
no  intermediate  stiffeners  are  required,  no  matter  how  loug  the  i:)anels 
are,  or  how  thin  the  web  may  be;  whereas,  by  the  usual  method  of  pro- 
portioning, intermediate  stiffeners  are  provided  for  through  plate- 
girders,  the  same  as  for  deck  jilate  girders.  This  leads  frequently  to 
some  curious  results.  The  writer  has  in  mind  a  specification  for  a 
prominent  southern  road  which  required  intermediate  stiffeners,  by  a 
so-called  stiffener  formula,  to  be  sjjaced  at  2-ft.  centers  near  the  ends, 
and  a  number  of  through  plate-girders  were  built  accordingly,  and  are 
probably  still  being  built  according  to  this  specification. 


Rensselaer     \ 


Institute, 
Troy,  N.Y. 


Local  ezaminationa  provided  for.  Send  for  a  CataloeuP 


Louisville  Cement. 


The   nndersigned   is   General   Agent  for  the  following  Standard  Brands  of 
Louisville  Cement : 

B'AL.l.^  niLiUS  (J.  Hnlme  Brand), 

BLACK  DIAMOND  MILLS  (River),  Diamond  Brand. 
SPEKD  MILLS,  Star  Brand, 

FALLS  CITY  MILLS,  Anchor  Brand, 

BLACK  DIAMOND  MILLS  (Railroad),  Diamond   Brands 


This  Cement  has  been  in  general  use  throughout  the  West  and  South 
since  1830,  most  of  the  public  works  having  been  constructed  with  it.  Orders 
for  shipment  to  any  part  of  the  country,  by  rail  or  water,  will  receive  prompt 
and  careful  attention. 

Sjiales   for   1893,  a,l45,o««    liitrreli*. 

WESTERN      CEMENT     COMPANY, 

347  W.  Main  St.,  Louisville,  Ky. 


The  Weber  Railway  Joint  Mfg.  Co. 


EMPIRE    Building, 
71  Broadway,  New  York 

branches: 
Boston,  mason  bldg. 
Chicago,  old  colony  bldg. 
Baltimore,  equitable  bldg. 


J 


Manufacturers  of 


*'T"  STEP  and  INSULATED 

OINTS. 


Pacific  Flush  Tank  Co. 

84  LA  SALLE  STREET,  CHICAGO,  ILL., 

MANUFACTURERS    OF  THE 

FOR  INTERMITTENT  FLUSH  TANKS. 


Used  for  Flushing  Street-Sewers.  | 

# 

NO  MOVING  PARTS.      NO  JOINTS.      NO  LITTLE  TRAPS.  f 

w 

RECEIVED  THE  HIGHEST  AWARD  IN  ITS  CLASS  AT  THE  WORLD'S         5f 
COLUMBIAN   EXPOSITION  FOR  ^ 

W 

Simplicity  of  Construction,  Effectiveness  and  Reliability.  | 

Salt  Lake  Citt,  Utah,  December  14,  1897.  w 

******       Flushing  with  the  hose  is  not  satisfactory  for  the  reason  ^ 

that  it  is  expensive,  and  owing  to  the  time  it  takes  to  get  over  the  system  the  laterals  are  W 

not  flushed  often  enough  to  keep  them  clean.    The  laterals  flushed  hy  siphons  are  in  much  ^ 

belter  condition  than  those  flushed  with  the  hose.    The  Miller  Autdiiiatie  Si|ihoiis  that  i^ 

V.I'  have  put  in  are  giving  entire  satisfaction,  and  in  my  (ipiuiuii  tliey  are  tlie  most  efficient  M 

siphons  in  use.  (Signed)  V.  t.'.  KKLP'EY,  Cil// Kiighieer.  X, 

EACH  SIPHON  GUARANTEED   ABSOLUTELY.  # 

, # 

Send  for  Illitstbated  Catalogue.  W' 
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FAIRBANKS' 

Patent  Automatic 
Cement  Testing  Machines. 


Descriptive  Circular  of  flachines  and  Appliances,  with  Prices, 
Forwarded  on  Application. 


The    Fairbanks  Company, 

311  BROADWAY,  NEW  YORK. 

ALBANY,  N.  Y.;     BALTIMORE,  Hd.;     BUFFALO,  N.  Y.; 

BOSTON,  Mass.;     PHILADELPHIA,   Pa.;   PITTSBL'RO,  Pa.;   NEW  ORLEANS,    La. 

MONTREAL,  Que.;    LONDON,  England. 


CONTINUOUS  RAIL  JOINT  COMPANYJUMEfim 


908-911  Lawyer's  Building, 

NEWARK,  N.  J. 

Millions  in  use  on 
133  Eailroads. 

Fewest  parts  possi- 
ble. Provides  for  the 
increased 
\  tonnage  up 
to  date. 


BEST    ECONOMICAL    RESULTS. 


aiANT  PORTLAND,  manufactured  by 

EGYPT  PORTLAND,  AMERICAN  CEMENT  CO.,  Egypt,  Pa., 

IMPROVED  UNION,  LESLEYS   TRINKLE.  Sales  Agents. 

AND  UNION  CEMENTS.  22  &  24  South  15th  St.,     Philadelphia^ 


(Connecting  Branch  Sleeve 

—  Tapping  Apparatus 

For  making  Large  Connections  without 

Sliutting  Off  Water  or  Reducing  Pressure. 

This  is  no  experiment,  but  has  been  used 
by  the  Water  Departments  of  numerous- 
cities  for  years  with  entire  success.     Con- 
nections from  2  to  24  ins.  have  been  made  with  mains  from  4  to 
48  ins.     For  full  information,  address 


THE  A.  P.  SMITH    MFG.  CO.,  921  Prudential  Building,  Newark,  N,  J. 


The  Evening  Post  Job  Printing  House, 

FULTON    STREET,  CORNER   BROADWAY, 
NEW  YORK. 


PRINTERS    OF    PERIODICALS. 


Q  &  W  fie  Plate 

ALTHOUGH  SOMETHING  NEW, 

Has    a    Record,    from    the   fact   that   it   is   a 
combination  of  the 

SERVIS     AND 
WOLHAUPTER  "- 

PLATES ^ ^^  \^ 

CHICAGO  : 

700=712  Western  Union  Building. 
NEW  YORK: 

106  Liberty  Street. 
SAN  FRANCISCO: 

537   Mission  Street. 


PEOOEEDIKGS 


AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS. 

Select  Advebtibements  will  be  Receiyed  at  the  following  Raxes: 


One  Page 

One-half  Page 

One-quarter  Page 

One-twelfth  Page,  Card 


One  Teab. 
10  imsebtions. 


$170  00 
90  00 
50  00 
20  00 


%  Yeab. 
5  Insehtions. 


$95  00 
55  00 
30  00 


3   INSEBTIOMS. 


$60   00 

35  00 
20  00 


Address  the  Secretary  of  the  Society,  220  West  57th  Street,  New  York. 


^ENGINEERS, 8*^ 

ADDRESS    THE    WORKS    DIRECT, 

JOHN  STREET,  WEST  NEW  BRIGHTON,  STATEN  ISLAND,  N.  Y. 

(KST^VBI^ISHKD     187-3), 

IMake  a  specialty  of  Machinery  for  the  rapid  and  economical  handling  of  heavy  or 
bulky  materials,  as  well  as  Plans  for  Storage  Buildings  and  Wharves. 

ENGINEERS  ARE  REQUESTED  TO  SEND  FOR  OUR  CATALOGUES. 
"Coal-Handling  Machinery,"  "Cable  Railways  for  Freight," 

■"Conveyors"  Gravity  Bucket,  "Manilla  Rope"  Transmission, 

"Industrial  Railways."  "Coal  Handling  in  Power  Plants." 

EXTENT  OF  Asphalt  Pavements 

IN  THE  UNITED  STATES  AND  CANADA. 

Trinidad  Lake  Asphalt  Pavement,  21,527,415  square  yards,  or  90% 
Other  kinds  Asphalt  Pavement.        2,307,064  square  yards,  or  10% 


OF  THE 


JRINIDAD  LAKE  ASPHALT  PAVEMENT 


10,000,000  square  yards,  or  nearly  50%, 

WAS  LAID  BY 

TH[  BiBBffi  iSPHillT  PAKIIiG  mmi 

This  is  equal  to  about  650  miles  of  Roadway,  26  feet  wide. 

The  Asphalt  used  by  this  Company  is  from  the  famous 
Pitch  Lake  in  the  Island  of  Trinidad,  B.  W.  I. 

J^" Plans  and  Estimates  Furnished  on  Application. 

GENERAL   OFFICES  : 

LE  DROIT  BUILDING,     •        -       -     WASHINGTON,  D.  C. 
BOWLING  GREEN  BUILDING,  No.  II  Broadway,  New  York. 

F.  V.  GREENE,  President. 

SUPERIOR  GRAPHITE   PAINT 

For  BRIDGES,  A  STRUCTURAL 

ROOFS,    .         ^         IRON,    .... 

And  all  Exposed  Metal  or  Wood  Surfaces. 

""heTcoirs'ilrbrln'e^  Detfoit  Graphite  Mfg.  Co., 

chemlcaTs"'.  '""'.''^  "[  DETROIT,   MICH. 


VII 


VENT^ 
MET5R 


iBUILDERSI 
PROVIDENCE 


FOUNDRY. 
Rl. 


REGULAR    SIZES 
6  to  60  inches  diam. 
■Larger  Sizes  to  Order, 


THE   VENTURI  METER  is  the  only  practical  meter  for  measur- 
ing: largfe  quantities  of  water. 

ITS  ACCURACY  is  unquestioned  and  it  is  frequently  employed  to 
test  the  accuracy  of  pumps. 

NO  BY-PASS  is  necessary,  and  the  cost  of  tees,  elbows  and  gatc- 
valvc  is  avoided. 

A.  J.   SNYDER   &   SONS, 

"mC[Nr^BRIlllDROS[NDil[C[M[IIT 

Especially  manufactured  for 

requiring  a  high  grade  testing  cement.    Over  30,000  barrels  were  used  on 
the  new  dams  for  the  Crotou  Aqueduct,  and  not  one  barrel  was  rejected. 


Samples  Furnished 
on  Application. 


HENRY  R.  BRIGHAM,  General  Agent, 

35  STONE  STREET,  NEW  YORK  CITY. 


Otis  Elevator  Company. 

HYDRAULIC, 

ELECTRIC  AND 

STEAM  ELEVATORS 

For  Passengers  and  Freight. 


NEW   YORK, 

CHICAGO, 


BOSTON, 

PITTSBURG, 


PHILADELPHIA, 


SAN  FRANCISCO. 


vm 


ESTABLISHED  1872. 


F.  E.  BRANDIS  SONS  &  CO, 

MANUFACTUEEBS    OF 

Engineers'  and  Surveyors'  Instruments, 

814    GATES    AVENUE, 
BROOKLYN,      NEW     YORK. 


Catalogues  mailed  on  application. 


The  Rand  Drill  Company, 

Pioneers  in  k\k  Drilling  and  iir  Compressing  Macliinery, 

100    BROADWAY,   NEW  YORK, 

HAS  BEEN  AWARDED 

THREE    GOLD    MEDALS 

AT   THE 

PARIS    EXPOSITION 
For  AIR  COnPRESSORS  and  ROCK  DRILLS. 

Eppinger  &  Russell  Co., 

CREOSOTING  WORKS, 

Dead  Oil  of  Coal  Tar  Process. 


Piles  and  Timber  treated  with  tlie  above  Oil  for  all  purposes, 
when  preservation  is  desired. 


Introdaced  in  England  by  Mr.  Bethel  in  1838.  DEAD  OIL.  OP  COAL  TAR  Is  the 
only  known  product  of  commercial  application  that  will  preserve  TIMBER  JPR09I 
DECAY,  LAND  AND  MARINE  INSECTS. 

Our  Mr.  Valentine  has  had  practical  experience  since  1872,  and  we  have  specimens  of 
Piles  and  Timber  treated  by  him  in  1874,  which  are  in  use  to-day  and  are  in  a  perfect  state  of 
preservation.    We  have  the  largest  and  best  equipped  plant  in  the  ivorld. 
Cylinders  100  ft.  long,  capacity  1,500,000  ft.  per  month. 
Direct  Water  and  Rail  Communications. 

MANUFACTUKEES   OF   THE 

Valentine  Electrical  Subway  Conduit. 

WORKS:  OFFICES: 

Foot  First  Street  and  Newtown  Creek,       ]yCOE.R.IS    BXJILIDIlSra- 
LONQ  ISLAND  CITY.  66  BROAD  ST..  NEW  YORK. 

SEND  FOE  OIROULABS  AND  PRICES. 
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ALCATRAZ    ASPHALT 

^.^rvj  v^>\    Guaranteed  free  from  Coal  Tar  or  Petroleum  Residuum, 

!^^Q^T^4v ''^'^  Reservoir  Linings 
M  A   1  and  Pipe  Coatings. 


■PH/ill. 


The  Alcatraz  Co. 


General  Offices:  Bryson  Block,  Los  Angeles,  Cal., 

and  Crocker  Building,  San  Francisco,  Cal. 


ATLANTIC,  GULF  AND  PACIFIC  CO. 


Hydraulic  Dredg-e  discharg:ing-  through  5.700  ft.  of  pipe. 
ENGINEERS   AND   CONTRACTORS 

Geo.  W.  CATT.  M  Am.  Soc.  C.  E.,  M.  Inst.  C.  E.,  Pres.  &  Enif.  Thos.  J.  LONG,  M.  Am.  Soc.  C.  E.,  Vice  Pres.  &  Engr. 

H.S.WOOD,  C.  E.,Sec.&Treas.  H.  KRUSI,  C.E.,  Pac.  Coast  Man.  R.  A.  PERRY.Supt 

SPEClAI-TlESi  Dredging,  Dredging  Machines,  Land  Reclamation,  Docks,  Piers,  Foundations,  Bridges. 

Correspondence  solicited. 
MA/N    OFFICE!    PARK    ROW    BUILDING,    NEW    YORK, 
PACIFIC    COAST  OFFICE:    220    MARKET   STREET,  SAN    rRANCISCO.  CAI-- 


WEST  PASCAGOULA  CREOSOTE  WORKS, 

WEST  PASCAGOULA,  MISS. 
Situated  on  Pascagoula  Bay  and  on  the  line  of  the  Louisville  and  Nashville  Railroad. 

These  works  have  been  in  operation  for  more  than  twenty  years,  were  recently 
entirely  rebuilt  and  enlarged,  and  are  now  prepared  to  execute  all  orders  for  creosoted 
piles  and  timber  thoroughly  impregnated  with  dead  oil  of  coal  tar. 

New  cylinders  115  feet  long.     Capacity,  one  million  feet  per  month. 

Address   S.   W.    LABROT, 

SupT.  West  Pascagoula  Creosote  Works, 

West  Pascagoula,  Miss. 


a 


H 


15,000,000    Barrels 

OFFMAN    CEMENT 

Have  been  used  on  important  works  throughout  the 
United  States. 


No  OTHER  Cement  Company  can  show  such  a  Record. 


DRAGON       PORTLANO 

Specified  by  Architects  and  Engineers  since  1889  on  National,  Hunic  pal 
and  Railroad  Improvements. 

Sales  Office,   No.    i    Broadway,   New   York. 


THE  LAWRENCE  CEMENT  COMPANY. 


ESTABLISHED    1853. 

E.    R.    ACKERMAN,    PRES. 
Assoc.    AM.    SOC.    C.    E. 


LABORATORIES  OF  Dr.  CHAS.  F.  Mp.kf.nm  22.  pearl  st..  new  york. 

Successor  to  Dr.  GIDEON  E.  MOORE. 

DEPARTMENT  OF  CHEMISTRY.  Analyses  and  Assays  of  Ores,  Metals,  Waters  and  Katnral 
and  Industrial  Products  of  every  description. 

DEPARTMENT  OF  PHYSICAL  TESTS.  Tensile,  Transverse  and  Compression  Tests  of  Iron,  Steel 
and  other  Metals  and  Alloys,  Cements,  Building  Stones  and  Engineering  Materials  generally. 


EST^^BLISHEr)    1856. 


Warren  Foundry  and  Machine  Co. 

WORKS  AT  PHILLIPSBURG,   NEW  JERSEY. 

SALES  OFFICE:   160  BROADWAY,    NEW  YORK. 


CAST-IRON,  WATER  AND  GAS  PIPE, 

Fbom  3  TO  48  Inches  Diameter. 
Also  all  sizes  of  F1.AIVGSD    PIPE  and  SPECIAL.   CASTINGS. 


Improved  RlGlD&SPRincFRO(i5.(R055IHG3i  Track  Work 

Sihclec^Three  Throw  Split 6witche5|  ll%hV}}^!i},h 


,FReD.(.WBIR.^ 
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THE    F.  O.  NORTON    COMPANY, 


— MANUFACTURBR    OF — 


92    BROADWAY,   NEW  YORK. 


Particularly  adapted  for  work  under  water,  for  which  use  it  is 
superior  to  the  best  Portland  Cement,  when  used  i  to  i. 

Certificates  of  tests  and  reports  on  actual  use  in  important  public 
works  furnished  on  application. 


OUR    LEADING 

Architects,  Engineers  and  Builders 


iPlli^fefe^^yol  SPECIFY  AND  USE 

laffil  OFFICE:    "w^'cfl 

m^^T^^W  BROOKLYN    BRIDGE    BRAND 

-'NEW  YORK.^;^ 

ROSENDALE   HYDRAULIC   CEMENT. 

(     PARK  ROW  OFFICE  BUILDING— 30  STORIES. 
USED  EXCLUSIVELY  ON  ^     WALDORF-ASTORIA  HOTEL— LARGEST  IN  THE  WORLD. 

HAVE  SUPPLIED  FOR  NEW  YORK  CROTON  AQUEDUCT.  IN  1897  AND  1898,  165,000  BARRELS. 


^'Tf  L^3  Portland  Cement 

IS  THE  STANDARD 
AMERICAN    PORTLAND. 

The  U.  S.  Government  g;ives  it  preference  over  all  other  brands* 

ATLAS  PORTLAND  CEMENT  CO., 
J43  LBERTY  STREET,  NEW  YORK  CITY. 


IHONGLAD  PORTLAND  CEMENT 


High-grade  American 

PORTLAND  CEMENT 

Manufactured  by  Glens  Falls  Portland  Cement  Co.      I  j  /■  i  • 

,„,,..  ...  .-  unsurpassed  for  making 


Sole  Selling-  Agent,  Commercial  Wood  &  Cement  Co 

156  FIFTH  AVENUE,  NEW  YORK.  I   Fine  Artificial  Stone 


XII 
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LARGEST   MANUFACTURERS   IN   AMERICA   OF 

Civil  Engineers'  and  Surveyors'  Field  Instruments. 


LATEST  CATALOGUE  MAILED  ON  APPLICATION. 

/ 
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